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L~~-On the winds of Calcutta. An anahjsh of ten years' hourly observations of the wind 
vane and four years' anemograms. By HENiir P, Blaki-ord, B.G-S., Meteoro- 
logical Reporter to the Government of India. 

In the folloiving pages I have attempted aii analysis of the regular annual and diurnal 
variation of the vrinds that tloiv at Calcutta. In some respects tins work may Ije 
regarded as a further development of that described in my paper on the winds of 
Northern India, published in the IGd-tli volume of the Pliilosophical Transactions ;*• 
being, in fact, a detailed investigation of the winds of a single station, included in the 
system therein treated of from a general point of view; and the general conclusions 
then drawn from a review of the meteorology of the country at large, will find their 
application, and at the same time their partial verification and explanation, in the more 
limited hut more detailed enquiry which is the subject of the present memoir. For 
a thorough analysis of the wind system of any given station has more than a merely 
local interest. It will generally be found that such a system is made up of many 
distinct elements, some of greater, others of less, local importance; and it not iufre. 
quently happens that when these are separated and subjected to independent study, 
they furnish a key to the explanation of much that is foreign to the place itself, and 
may even help to throw light on some of the higher generalizations of the science. 


Such, I venture to think, has been one result of the present investigation. It has, 
in the first place, confirmed Mr, F. Chambers’ interesting discoveryf of the existence 
of a semi-diurnal variation of the wind direction, which appears to have a definite 
relation to the semi-diurnal oscillations of barometric pressure, the so-called barometric 
tides ; and it has brought to light the existence of two very distinct elements in the 
diurnal wind-variation of single period, which fact, taken in conjunction with certain 
others previously established iu this and other countries, has led me to distinguish and 
define a class of winds or wind components which I have termed winds of elastic 
expansion. These co-exist with the well-known convection currents, explained by 
Hadley’s theory ; which latter arc doubtless more important and include all the greater 
movements of the atmosphere. But as a physical phenomenon these former are distinct, 
and depend on a different set of conditions, which I shall endeavour to define and 
explain in a separate paper. 

* Port 2, pages 563 to 653. 

t TliO fact that the pressure of the wind is snhjcct to a semi-diurnal oscillation which is ^coincident with the hafomctric 
tides was discussed h}’ M, Kreil iu January ISGl. (Sitznngsher. Wiener Akid. sliii, 2uk 'Ahth. p. 121.) I believe 
Mr. Chambers was not aware of this when he prepared Ms paper. 
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The present paper consists of two parts : the first gives an analytical description 
of the winds that prevail at Calcutta at different seasons of the year, and the variation 
they tend to undergo daily, both in velocity and direction. In the second is discussed 
the local relations of "wind direction to temperature, pressure, and rainfall ; the data 
having been reduced to the form of wind-roses and corrected by Bessel’s formula. In 
this part of the discussion, certain relations have been established between the wind 
direction and the frequency of rainfall, which may hereafter become of importance in 
assisting a judgment of the j)i’ohahility of rain. 

The formulm of interpolation and other mathematical reductions hare been com- 
puted partly by myself, hut chiefly by Babu Brojomohun Babbit, Chief Computer of 
the Meteorological Office. 


PABT I. 


Annual and Diurnal Variation or the "Winds. — The data which have fur- 
nished the materials of the following description are — 

A , — Ten years’ observations of the wind vane, recorded hourly (to 8 points of the 
compass) together with the occurrence (not the quantity) of rain, at the 
hours of observation. These extend from August 1856 to July 1866. 

Pour years registers of a Secchi’s anemograph recording the movement of the 
•udnd in each half-hour. These extend fi*om July 1871 to June 1875.^ 

‘Pifteen months registers of a Beckley’s anemograph extending from January 
ISvJ to March 1876. 


The fii'st series were recorded at the Surveyor-General’s Office in Park Street, 

Calcutta; the second at St. Xavier’s College, also in Park Street, and facing the former 

huildmg, from which it is about 80 yards distant to the south. Both buildings are lofty 

^d range weE above any others in the neighbourhood ; the anemometer at the Surveyor- 

General s Office IS 73 feet above the ground, that on St. Xavier’s 67 feet. The former 

mildmg hemg some few feet higher than the latter, it is probable that it ohstnicts to 

some extent the free action of north winds on the College anemometer. But this effect 

IS certainly smafi m comparison with that of friction, which in this instrument is evi- 

deutly very high, hut which cauuot he corrected, the requisite co-effioients never having 
been cxiierimentaUy determined. nevei navmg 

IcM Offitffi —graph erected on the Meteoro- 

cal Office m Cbon^gbee Hoad, nearly a mile to the north-west of the two former 
buildings. At present only 15 months’ registers have been ohininori f ^ 

these ave not an unteolcen series. I hare W<nv nsel « 

instituting a general oommrison w!ti, H f ^ P^irposB of 

o o MW comparison with the results of the Seoohi instrument ; and the 

y VJU iktteura draug^ilsmaa at Uie Meteorological Office. 
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Jatter alone baYO been subjected to a detailed analysis, witli a view to detcnnininir the 
annual and diurnal raiiation of tbo air movement.'^ 

The Sccchi anemometer is driven by the usual cup and ball sails, densed by Dr. 
Kobinson. The revolving frame bears four cups, each of 5 -^ inches diameter, and mea- 
sures 1 foot 6 inches from the centre of the axis to the centre of each cup. The dis- 
tance travelled is recorded, for baK-hour intervals, on such a scale, that a line 6 millcme- 
ters in length indicates one kilometer of the wind’s movement. In tabulating tbo trace, 
kilometers have been reduced to miles by multiplying by the factor 0*G2. Dhcction is 
recorded to eight points of the compass. 

1 have already stated that the friction error of the instrument is very large. In 
every montli of the year the total movement recorded by it is below that registered by 
the httlc dial anemometer on the Survoyor-Generars Office opposite, and still more in 
defect of that shewn by the Beckiey on the Sleteorological Office. In May, when the 
average daily movement recorded by the latter instrument was 28G miles, the former 
gave an average of 275 miles, or a deficiency of l-26th only. But in December, wlicn 
the Becklcy registered an average of 112 miles, the Secebi recorded only 53 miles, or less 
than one-half. 

% 

Tbo following table shews in pamliel columns the average diurnal movement 
recorded by each of the three instruments. 

Table I. — Comparative table of the average daily movement of the wind as 
recorded by different instruments. 


JIo.vxu. 

4 Yeass. 

16 Mosins. 

Secclii. 

AdJe. 

Secchi, 

Bccklcy, 

Diltircccc. 

January . ... 


68'35 

80-1 

Gl'S 

ni -2 

40-4 

February 


77'73 

85-0 

76-1 

1190 

40-9 

March 

4 • * 

121-80 

130-8 

117-4 

1C4-G 

47-2 

April 

*** 

187T2 

1S9-1 

207-3 

218-2 

10-9 

May 

• • * 

194-42 

J97'4 

274-7 

2S5-7 


Jane 

« t » 

167-40 

184-7 

151-0 

179-9 

28-9 

July 

• t • 

131-74 

143-3 

14C-3 

171-9 

25-C 

August ... 

i B » 

108-58 

1204 

lOS-5 

143-0 

34-0 

September 


107-13 

116-1 

92-0 

122 5 

30-6 

October 

> B ■ 

78-40 

98-2 

90-7 

141-1 

63-4 

November 


67-78 

86-0 

75-9 

128 3 

52-4 

December 

4t* 

49-U 

89-3 

62-9 

112-0 

591 


I have not attempted to apply any empirical correction to the Secchi registers. But 
it must be borne in mind that the wind movement shewn by them is very considerably 
below the truth, more especially from October to March, 

In the paper on the winds of Northern India already referred to, I gave a brief 
description of the annual variation of the wind at Calcutta, as deduced from the hourly 

The position of this instrnment is not free from objection. The house is indeed one of the loftiest in the Chou-rin* 
ghee jRoad imd to the rrest is the open maidan. But less than 100 yards to the south, is the new Museum building, a gigantic 
block -which dominates it hy 20 feet. 
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oh-^ervations recorded during 10 years at the Surrcyor-Generars Office. In the table 

u'lvich accompanied the descrii?tion, the mean direction of the mnd was deduced from 

simple observations of the wind vane by means of Lambert’s formula; an equal value 
l)eiug assigned to all observations, without regard to variation of velocity. In their main 
fcaturL, tL results now obtained from the Secchi anemograms, in which the variation of 
velocity'is duly regarded, accord faiidy udth the above, as may be seen in the following 
comparative table; but tbc coincidence is not exact in all paiticulais; and some ap- 
parent irregularities which were noticed in the results of dii-eetion only, tend to dis- 
appear when regard is had to the variation of velocity in the different azimuths. In the 
following table the first two columns are a reproduction of the former results, and shew 
the mean dii’ection of the wind in each month, deduced in the manner above described, 
together with the excess in that dii’ection shewn as a percentage of the nimiler of 
oUermdions. The next pair of columns give the mean direction and excess percentage, 
obtained by the like process from the direction observations of the four years to which 
the Sccchi anemograms relate. The third pair of columns shew the mean direction and 
the percentage of total movement in that dii’ection during these four years (July 1871 to 
June 1875) deduced from the Secchi anemograms ; and the five remaining columns, the 
total average diurnal movement in miles, and the diurnal excess in the directions north 
and south, or east and west, and that of them resultant obtained from the same data. 
North and east components are denoted by+ and south and west by — signs. 


Table II. — Annual variation of the wind at Calcutta, deduced from observations of 
direction and the registers of a Secchi anemograph. 


|l lO VEIRS ' ( HI ' SKltVi - 

II TIOMS, 


JtOKTII, 


Jatluary 

Ffljvuaiy 

i\Iavcli 

April 

.1 line 
.Tnly 
Angnst 
Sciitcnilier 
Octolier 
Novcinbor 
Dccemler 
Veav 


Per cent, 
ebserva- 
tlons. 


Mean 

direction. 


i tEins' OBSEEriTIOVf! 


40 

23 

47 

74 

05 

oS 

05 

65 

40 

13 

5S 

('.0 

•21 


Per cent, 
observa- 
tloiw. 


N3S°W 
S 79 W 
S .33 W 
S 3 W 
12 E 
5 E 
12 E 
IS E 
•30 E 
X 53 W 
N 19 AV t 
N 2" AV 
S 14 AV ! 


31 

2S 

CG 

80 

71 

GO 

GO 

C5 

GO 

13 

47 

02 

29 


Mean 

direction. 


17'’W 
S3 AA’ 
29 AA' 

6 AV 
0 AA' 

2 E 
14 E 
10 E 
17 E 
86 E 
27AV ji 
36 AV 
12 AV 


4 TEAns’ Secchi aseuoosajis. 


Per cent, 
movement. 


24 

22 

03 

74 

60 

69 

52 

53 
51 
4S 


35 


Mean 

direction. 


Total 
daily move- 
ment in 
miies. 


i 


K27'’AV 
X 88 W 
S 25 W 
8AA' 
15 AA' 
14 E 
20 
53 
3/ 
X42 
X 1 
K 3AV 
S 18 E 


North 
[comp, miles 
per day. 


6S'3S 

77’73 

121-80 

187-12 

194-42 

107- 40 
134-74 

108- 58 
107-16 

78-40 

57-78 

49-11 

111-89 


Hast 
comp, miles 
per d.ay. 


+ 12-GG 
+ 0-68 

— 09-84 
-136-91 
—122-59 

— 96-00 

— 63-06 

— 35 06 

— 42-97 
+ 27-62 
-f. 41-41 
+ 37-00 

— 37-23 


~ 6-39 
—17-32 
—32-88 
—19-13 
—33 -60 
+23-98 
+30-72 
+45-88 
+32-86 
+2o'4G 
+ 0-02 
— 2-19 
+12-03 


Kcsnltant. 


Miles. I Direction. 


14-18 

17-33 

77-19 

138-24 

128-22 

99-00 

70-68 

57-81 

64-09 

37-56 

41-41 

37-96 

39-12 


X 27'’W 
X 88 AV 

25 AV 
8 AV 

15 AV 
14 E 

26 
63 
37 
42 

1 


E 

■E 

E 

E 

E 


3 AV 
18 E 


— ■*' — — - • _ ’ t 

This tabic shcivs that, on the average of the year, there is a large excess of air 
raovemeut from the south, and a smaller hut still considerable excess from the east ; the 
resu tant direction being approximately south-south-east, and the residual movement ’from 
t lat ( ireohon amounting to 39 miles per day. This differs from the result formerly 
obtained hum the simple observations of direction (n-ithont regard to velooitv) inas 
luneh as his latter method shelved an excess of movement from th^ west, in conseqnene; 
irostcilj elements being more frequent. It also differs in the same way and for the 

same reason from the result of the same four years 1871-75, when the 114^00 le" 
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vations only are treated by Lambert’s formula. Comparin" the two results, it appears 
that southerly wind elements are not only more frequent, but also bave a liiglier average 
velocity than northerly elements and that easterly elements, while less frequent than 
westerly, are stronger than the latter in a more than compensating ratio. The resultant 
direction S. 18° E. is almost identical with that which prevails in the mouths of June and 
J uly ; that is to say, the first half of the south-west monsoonj and goes far to confirm the 
conclusion which I formerly drew, viz,, that the south-west or summer monsoon is superior 
in steadiness and velocity to the north-east or winter monsoon. Accordmg to the present 
table, the net uncompensated transfer of air from the direction S. 18° E. to N. 18° TT., 
over the city of Calcutta, amounts to 14;, 280 miles in the course of the year. Probably, 
as pointed out in the note on the previous page, it is really somewhat less than this. 

It appears, from data furnished by Mr. Charles Chambers, that at Bombay, the 
uncompensated motion of the air towards the land, in one year, was four and a half times 
as great as the above, viz., 61,904 miles, and in the direction N. 70^ "W. — S. 70° E. These 
differences are only such as might he expected from the very different positions of the 
two stations, on opposite sides of the peninsula, — the one, moreover, being on the coast 
line, the other a considerable distance inland. But even as compared with the total 
movement (387 mUes daily), the uncompensated movement is proportionally higher at 
Bombay, viz,, 44 per cent, against 35 per cent, at Calcutta j and even at Saugor Point, 
at the mouth of the Hooghly estuary, the total movement is much below that of 
Bombay, viz,, 229 miles as against 387 miles diem, I think it, therefore, higlily proba- 
ble that the air pours into the western side of the Peninsula in much greater volume 
than from the eastern coast. Such an inference might he drawn independently from 
the facts adduced in my paper already referred to, which tended to shew that the mon- 
soon from the west coast prevails over a much larger area of the interior than that 
which proceeds from the Bay of Bengal ; and that the movement of the winds at inland 
stations, such as Nagpore, within the influence of the Arabian Sea branch of the 
monsoon, is much higher than at those in the Gangetic plain, which is comprehended 
in the eastern wind system. 

The resulting direction of the wind at Bombay being about from west-north-west, 
while that of Calcutta is from south-south-east, implies a tendency of the air currents 
to form a cyclonic circuit around the Peninsula; or rather an influx of spiral currents. 
The opposite tendency during the cold weather months, when India is an anti-cyclonic 
area, is much weaker ; and the excess of centripetal currents in the lower atmosphere 
must therefore be' compensated by an equivalent excess of centrifugal cm’rents in its 
higher regions. 

The table fui’ther shews that, excepting during the south-west monsoon, when the 
movement is proportionally higher than the temperature of that season, the total move- 
ment of the air varies dfrectly as the temperature, being greatest in May, least in 

* It is not improbable that tbe apparent excess of southerly elements is somewhat exaggerated in the table, owing partly 
to the obstruction of the neighbouring building noticed above, in the test (page 2), and partly to the high friction of the 
instrument; since these both reduce tbe recorded velocity, chiefly in those months in which northerly elements predominate. 
But cast and west elements would be less affected ; and even in the former case the exaggeration is probably not very great, 

B 
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December ; but the steadiness of tbe wind's dii'ection bj^ no means follows tlie same law, 
since this is greatest in December, and least in Jatiuary and February. The annual 
curves of wind Tclocity and temperature are given on Plate I, Pigs. 2 and 3. 

Tbe annual rotation of tbe wind direction at Calcutta is sbown by Table II and 
also by Plate I, Pig. 1, to be completely retrograde (not incompletely, as was inferred 
from tbe discussion of observed directions only). In jN'Ovember and December tbe 
average direction is almost due north, and very steady ; the resultant movement on the 
average of tbe two months being 75 per cent, of that in all azimuths. Tn January and 
February tbe winds work round to north-west and west ; but while their total move- 
ment is greater in those months than in tbe two former, it is no longer steady from tbe 
same quarter, falling from an average of 75 to one of 23 per cent, of the whole in the 
direction of tbe resultant. This is a veij striking fact, since at sea, to the southward, 
the north-east monsoon is at its height in those months. The explanation is by no means 
obvious; It is evident from the Table 0 (Appendix) and diagrams (Plates III, 
of the diurnal variation of the winds, that in Kovemher and December, the east and 
west oscillation, which becomes so marked in the hot- weather months, is very small ,* and 
that the principal variation in the regular movement of the air consists in the varying 
strength of the wind which blows towards the estuary of the Hooghly : it is' strongest 
about midday, and sinks to a minimmu an hour or two after sunset. This wind coincides 
in direction with the local diurnal land breeze, but it is more steady in November and 
December than in January, while in February it altogether fails, although the difference 
of the mean temperatures of the land and sea, the presumed cause of such a wind, is 
greater in the first two months of the year than in November and December. Beyond 
the fact that in the last two months of the year the temperature is generally falling 
whereasm the first two months it is rising,— and thus, as will hereafter be shewn, tending 

winds of the interior,— the only cii’cumstance that I 
iscoverm the temperature phenomena which may possibly help to explain the 

w i 4 f m tto dioraal range oyer the tee surfaces is considerably 

less m ^ ovember and December than in the two following months. On comnarinff the 
u.oanfemperatm-eatdossore* with that at Sanger Island, I find ^ZdifeJe: 

«■» ■■ ■. ,h, 

Wnfwafai*, bat tl. mrans of 

.. . tataW ol ft, a.b, f„„ t ,.y. fc, th. night, Th« M„in8 


Ho.vin 


Jtssous. 


NQTenjbt;r 

December 

JantLiry 

febrvtsrv 



Pay, 

jViebt. 

Mean ( 
Mnjje, ( 


SOI 

G5G 

14-5 i 


74-3 

SG'7 

17-5 


74-8 

56’5 

18-3 


80'8 

624 

184 1 


SiDCOK IslAKD. 


Pay. 

79-4 

73-5 

72-7 

77-7 


Xisbt. 

70 - 8 

63 - 8 

64- 2 

71- 3 


Mean 

range. 

8.C 

9-4 

8'q 

64 


Piflefence 
of rhpgej. 


5-9 

8-1 

9-8 

12-0 


1 JlEAIf lElirERAIirjjK. 

1 

IP.atio M. 

1 Jessore* 

’Savigw 

Island. 

CDee. 

to 

V.Ji. 

72-8 

75 '0 

2-2 

37 

■100 

65'4 

OS'S 

3-1 

38 

100 

63-G 

68-4 

2-8 

28 

100 

71-6 

?4-5 

2-9 

k 

100 
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of these mean temperatures bear the following ratios to the differences of their respective 
ranges in the foui’ cold-weather months ; — 


Koveraber 

December 

January 

Pebroary 


37 to 100 

38 „ 100 
2S „ 100 
24 „ 100 


In Novemher and December, the mean day temperature (sec footnote page G) of the 
land, as represented hy Jessore, is only O'T to 1*0° higher than that of the sea, as re- 
presented hy Saugor Island. In January and Pehruary, however, the increasing mnge 
over the land brings np the day temperature to from 2*1" to 3*1“ higher than that of 
the sea, and the tendency to reverse the direction of the wind, which eventually results 
fi’om such a rise, may he one cause of the unsteadiness of the land breeze in January 
and Pehruary. 'Whatever he the cause, the northerly or local land wind, as a predominant 
component of the system, becomes insignificant in January and disappears in Pohniary ; 
while the westerly or rather west-north-west wind, the land wind of Upper India, gains 
in importance. 


In March, April, and May the increasing temperature of the delta produces a 
strong steady current from the sea, and the predominant direction is ahnost diametri- 
cally opposite to that which prevailed in November and December. The wind now 
blows mainly from the direction of the Hooghly estuary, or somewhat more westerly, 
owing evidently to the influence of the westerly land winds from the interior. 

In June, the rainy monsoon sets in with a shift to the east of south ; the westerly 
land wind having disappeared, as the clouds accumulate over the interior of the 
country and the pressure falls. In the latter part of that month, in July, August and 
Septeinher, the prevalent direction is that of a enrrent setting towards the Upper Pro- 
vinces. It is very different from that which prevails in the hot-weather months, when 
the winds from the sea are comparatively local, hut at the same time more steady, and 
blow with greater force. The mean direction of June is intermediate between the two ; 
since the monsoon, as a rule, does not set in till the middle of the month, and the ndnds 
of the earlier part are such as are characteristic of May. 


In October, the general course of the winds tends to he cyclonic around the Bay 
of Bengal; and at Calcutta, the average movement is from the north-east. But this 
tendency is shewn as a resultant of the actual movement, chiefly m consequence of the 
greater strength of the ^ds that Wow from that quarter. _ On the 
served directions during ten years, westerly winds are, numerically, shg . 

It foUows from the above, that the aunual retrograde rotation of the Calcutta 
winds is a consequence of the successive prevalence of 

depend on local conditions, and two on those which prevad over he mtoioi of the 
country. The northerly land wind of Novomber and December, P 

tively of local nriy-n, is foUowed hy the westerly land wind from the interior, which, as 
will afterwards he shewn, is essentially a day wind. This determines ■ c uec ion 
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the res.Utant in January and Eebruaiy ; and in March. April, and May it inanifeats it If 
cUcflv hy giving a aomcirliat ivcsterly bias to the atrong jind that blows from the 
esW and the sea, dfrectly towards the boated delta. Durmg the bot- 
Ltlcr months, this undergoes but little change of direction; but, as soon as tbe south, 
west monsoon is established, the great local contrast of temperature that cbaracterises 
the bot-weather months is in a measure obliterated; and a cnnsnt from the Bay of 
Bengal (proceeding originaUy from tbe ocean to tbe south) blows from the south-east, 
over°Calcutta, towards the Gangetio plain and tbe billy country to the west of the 
delta. As tliis yields place in October to the returniDg local land mnd, it becomes 
moreDortberly ; and in November the latter wind is re-established. 


The Tables in the Appendix give in full detail the data on which this description 
is based ; and Plate I, Pig. 1, and Plates III, IV, shew tbe principal results in a 

grapbic form. 

Although the annual, and, as will presently appear, the normal diuimal rotation of 
the wind, in'most months, is retrograde, when regarded se, still the actual movement 
of the wind vane is more frequently direct than retrograde. The self-registered trace 
of the Peckley*s anemometer on the IMEeteorological OfBce shews that in fifteen months, 
from January 1874 to March 1876, there were 34 complete revolutions of the vane in 
the order south, west, north, east, and only nine in the opposite direction. These 
were distributed in the several months as follows : — 




Dir. 

Ret. 


Dir. 

Ret. 

January 

1874 

8 

3 

September 1874 

1 

0 

February 


4 

2 

October „ 

5 

0 

March 


5 

2 

November „ 

1 

0 

April 

97 

0 

0 

December „ 

0 

0 

Slay 


2 

0 

January 1875 

... 2 

1 

June 


0 

0 

February ,, 

... ‘ 2 

0 

July 


2 

0 

Slarch „ 

1 

0 

August 

99 

1 

1 





Table A (Appendix) shews the average velocity of the wind, hour by hour, in each month 
of the year ; and also the mean of all the months, gmng what may he regarded as tbe 
mean diurnal variation of velocity. This last is represented graphically in Plate II, Pig. 3. 
As in tbe case of tbe mean annual variation, tbe general form of the curve closely re- 
sembles that of the temperature (Pig, 4), and such is also the case in each of the months 
individually (Plate V), mth the partial exception of March, in which month the 
rapidity of the wind’s movement is maintained, almost unabated, [until after 10 p.ii. 
The velocity of the movement is least about half-past 5 a.m., or half an hour before sun- 
rise, increases very rapidly up to half-past 9, and then less rapidly till after 11 a. 3 i. 
Between half-past 11 and half-past 12 it suffers a check, hut subsequently increases fur- 
ther up to half-past 2 p.m. After this it declines very rapidly hetu'^een 4 and 7 p.ac., 
and more slowly and steachly afterwards. The somewhat anomalous intenmption in the 
regularity of the curve about noon, which is so noticeable in the figure, appears in the 
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curve of most months, and is much exaggerated in tliose of April, ^fay and Septoin- 
ber, and u’unting only in Pebruan'. In .Tune it occurs an hour earlier and in December 
an hour later than tlic average. It coincides on an average with that tendency of the 
wind to shift to the north-west which, as is shewn in Plate I, P'igs. 4 and 5, occurs after the 
morning maximum of i)rcssurc; and since the average resultant movement of the wdnd 
lias been shewn to he from nearly the opposite quarter, this might perhaps he urged in 
explanation, were it not that it is somewhat more marked in the cuitc for January, 
w'hcn the average direction of the wdiid is north-west, than in the mean curve of the 
year; while in July, -when the wind is about south-south-east, it is scarcely perceptible. 
It will he of interest to ascertain whether the velocity curves of other stations and those 
recorded by other instruments in Calcutta shew a similar feature.* At present I am 
unable to suggest any probable explanation of the apparent phenomenon. 

I now pass to the consideration of the mean diurnal variation in the direction as 
well as the velocity of the wind, the data for which arc given in tables B, C, and D, 
(Appendix). The first shews the nnmber of nunds observed under each octant of the 
compass, at each hour of the day, for each montli separately, dnring 10 years ; the 
second the average residual movement of the wind during each horn of the day, in each 
month, after eliminating all conflicting movements, as shewn by the registers of the 
Secchi anemograph, for foiu’ years ; and table D the same movement on the average of 
the year, — first, as obtained from the ohsemtions, and second, as corrected by Bessel’s 
formula computed to four periodical terms. The emwe, Plate I, Fig. 4, is such, that a 
line drawn from any point on the curve to the point A, would represent in length and 
direction the differential movement of the wind dining the hour preceding 'that which 
is designated by the figure opposite to it ; the difference, that is to say, between the direc- 
tion and velocity of the wind in that hour, and in an equal period on the average 
of the 24 houi-s throughout the whole year. Such lines will represent the hourly 
movement of the air under the influence of diurnal causes only, and on the supposition 
that each particle of ah' at the end of each 24 hours occupies the same place as at the 
beginning. This is the most convenient form in which to study the results. 

In a paper published in the 163rd volume of Philosophical Transactions of the Boyal 
Society, Mr. F. Chambers drew attention to a double period, or semi-diumal variation of 
the wind at Bombay, coinciding apparently with the double diiu’nal oscillation of the 
barometer. Bepresenting the whole diiumal variation of the wind by a curve similar in 
principle to that given in Fig. 4, he shewed that, if points he marked off on it corre- 
sponding to the instants of highest and lowest barometric tide, they fall approximately 
in a right line, which line includes also the centinl point A of the curve. This line, 

* In order to make sure tlmt tlie ititcrraplion is not ottribntablo to sometbing in the manipulation o£ the inslrament, 
such as, €. tbe loss of a part of the record whilo tbe recording sheet is removed and replaced, I made enquiry of JI. Lafont 
respecting his practice in this matter. Ho informs me that tbe paper is changed once a week only, viz., 5 minutes before 
noon, and the process occupies four or five minutes. Xorv, on the mean of the year, the rnnd’s movement betu-een half-past 11 
and half-past 12 is about 0’17 mile less than that rrhich mould give an unbroken wind curve, or about ,V of the, in that case, 
total movement. But a loss of b minutes’ record once a week would amount to sV only ; and even were it sufficient to 

account for the phenomenon, it would leave uncisplained the great inequality of the amount in different months of tbe year. 

c 
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ivhicli is tbG major axis o£ the curve, was found moreover to coincide in direction with 
the land and sea breeze ; and Mr. Chambers pointed out that the diurnal variation might 
be considered as made up of the altenaation of the land and sea breezes, combined with 
the double diurnal variation above referred to. On resolving this double oscillation 
into its meridianal (north and south) and longitudinal (east and west) components, 
Mr. Chambers found that the former are at their maximum positive and negative values, 
or, in other words, the wind is alternately most northerly or most southerly, midway 
between the times of the barometric maxima and minima, southerly - during the 

fall, and northerly during the rise ; whereas the latter reach them maximum values 
approximately at the times of greatest and least pressure. The tendency of the nind 
is from the east at the time of maximum, from the west at that of minimum pressui*e. 
Combining the two components and supposing this double variation to act alone on the 
wind vane, and with equal force in both directions, the result would he a perfectly uni- 
form right-handed rotation of the udnd vane once in every twelve houi’s. 

It is evident, on simple inspection, that the Calcutta curve represented on Plate I, 
Pig. 4', is of a complex character, and cannot be produced even approximately by an 
oscillation of single period. 

The formula^ for the diurnal barometric variation at Calcutta being — 


+-026648 sin (« 15“+34r 24') +*039144 sin (» 30°+ 151° 7 ') 
+ •001228 sin (« 45° + 346° 9') +*001337 sin (« 60°+ 253° 42) 

the times of maximum and minimum pressiwe f are — 


^linimum nt 3 hours 32^ minutes, civil time, j 2n4. Minimum at 16 hours 26 minutes, civil time. 
Is/. Maximum at 9 „ 85^ „ „ ( 2 ?j< 7, Maximum at 24 „ 17 „ 


These are pointed off on the ciuve, Pig. 4. They do not fall in a line, but it may be 
noticed that there is a certain symmetry in their positions which may have some sio-ni- 
ficance. If an axis to the curve be drawn midway between the positions of the second 
or evening minimum and maximum, it also passes about midway between those of the 
morning maximum and minimum. This is indicated on the figure by the line BO. 


The piu'cly geometrical method of analysis, which Mr. S'. COiamhers has followed 
m the case of the Bombay curve, being less obviously appUeahle to the present ease I 
have resorted to that afforded by Bessel’s interpolation formula, which is peculiarly fitted 
to resolve complex em-ves such as the present into their principal periodical elements 

and to show the epochs of their several phases. From the figures in the ■< observation’’ 

.te toail, obsewaHo. of 20 raar.. 


t Olitained by Jelinek’s fqnnda f=|— A, and corrected to 
tho error of the first result. ’ 


a eecond approximation 


by the correction 
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columns of table D, vis., the northerly and easterly co-ordinates (-for — ) of the diurnal 
variation, the following formulre arc ohtained : — 

For the northerly co-ordinates ; — 

-f *7023 sin (k IS**-}- 7“ 28') -f '1902 sin (« 30“' -t- G2' SO} 

-l-i212 sill (k 45’.f 274" 12') -fOOSC sin (n G0"-f ISS" 4S’) 

And for the easterly co-ordinates— 

s—M -{-•2417 ein (n 15“-fSr 29‘) -flG4t sin (« 30°-f2S7'’ 2G’) 

-t-’0253 sin (k 45"-MG“ 50') +*0710 sin (u GO^-flcr 57') 

The first or constant terms of the formulae (HT) represent the co-ordinates of the point A, 
Fig. 4', and need not here he considered, since we have to do only with the phases of tlic 
variation about that point. The corrected values of the hourly co-ordinates computed 
from the formulm are given in the ‘computed’ columns of Table D, and the curve con- 
structed from them is represented by Fig. 5, Plate I. Figs. G and 7 shew the curves 
afforded by the tw'o sets of co-ordinates separately plotted. 

Now we may assume that the first periodical terms of the two formulte, which 
depend on the values of wlG", include the greater part of the diurnal variation of the 
sea and land breezes, and also of any other local oscillation of the winds which depends 
directly on the diui-nal action of the sun. The two series of co-ordinates depending on 
these terms evidently attain their respective maxima (positive and negative) at alternate 
intervals of about five and seven hours; and the curve plotted from them is almost an 
ellipse, having its major axis in the direction N. 5° E. to S. B'W. This is repre- 
sented by the dotted curve in Fig. 5. The major axis of the figure, EE, evidently 
coincides with the line BAG on Fig. 4, and also approximately with the average 
dii-ection of the wind resultant in April on the one hand, and in November and December 
on the other, these being the months when the winds are most steady, and blow almost 
directly from and to the Hooghly estuary. It may he concluded with much confidence 
that this axis then really represents the mean direction of the diurnal sea and land 
breezes ; the former of which therefore attains its greatest strength about two hours 
later than the maximum temperature of the day,* and the latter about an hour before 
sunrise, or half an hour earlier than the minimum. 

If these conclusions he admitted, it follows that the greater part of the east and 
west variation, which, though less important than the above, is not inconsiderable, must 
depend on other conditions. Its maximum values in opposite azimuths fall about noon 
and midnight, ; and there can he little doubt that it mainly represents the well-known 
day land wind from the interior of the peninsula, which, in the hot weather is 
felt most strongly about noon and the early hours of the afternoon ; sometimes as a 
hot wind ; and also the easterly tendency of the wind at night, which though perhaps less 
noticeable and familiar than the former, is well shewn in the hourly wind tables 

• Ontbc average o! the year the minimum tcinpcratare occurs at Shonrs 36J minutes, and the inastmum at 14 hours 25i minute® 
or 2 hours 25i minutes p, m. The statement in the text is of course only a rough approximation to the truth. The co-efEcient of the 
tliird periodical tcnir (depending on n 45*) is of nppreciaUe magnitude, and probably, chiefly represents, a subordinate x-aiiation 
of the land and sea brocics. 
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(Taljle C) for ilarcli, April and jU^av more especiallj-, and is a trell-knoTm plienomenon 
up the Gangetic plain on the approach of the rains. 

It is to he observed that this element of the diurnal vaiiation differs by about sis 
hours in phase from the barometric variation of the single diurnal period expressed by 
the first periodical term of Bessel’s formula for that element ; irhich fact, physically 
interpreted, indicates that the movement of the ivind from the westward (in so far as it 
depends on a single diurnal oscillation) takes place during the fall of pressure depending 
on a single oscillation, and is at its maximum midvray in the fall. TVe shall see presently 
that the phases of the uind and pressure, in so far as they depend on the .double or semi- 
diimiah oscillation expressed by the second periodical term of Bessel’s formula, in each 
case exhibit the like relation, and still more closely. 


The appearance of this variation, as an element of the mean dimmalrand curve of the 
year, depends almost entirely on its high value in the first five months, viz., the dry season 
of the year. In the earlier cold-vreather months it is very small, and during the south- 
v'est monsoon its phases are reversed, in consequence of which the rotation of the 
diurnal component of the wind is direct and not retrogmde. But this last phenomenon 
is clearly due, mainly, to the general easterly direction of the wind in those months, 
combined with the fact that, whatever he the prevailing direction of the wind, its rate of 
movement is mnch accelerated in the day time ; as may he seen in Table A (apj)endix) 
and also in Plates III and IV : and this effect neutralizes and over-masters the diurnal 
variation now in question, which, moreover, as will afterwards he shewn, is then pro- 
bably almost evanescent. But that it is a real and independent phenomenon of the diurnal 
variation, is, I think, sufficiently established by the consideration that, whereas on the 
mean^ of the year, easterly elements predominate in the resultant diiunal movement of 
the wind (see page 4), and might, therefore, he expected to preponderate more in the 
day than in the night hours, the reverse is manifestly the case. Kor will the Mo-h 
friction error of the recording anemometer account for the variation in question. On 
the contrary, it is probable that were this corrected, the phenomenon would stand out 
only the more distmctly. The effect of friction in reducing the recorded movement of 
the au- IS yevy much higher with low than with high velocities, as is indeed amply 
e^dent from the table oa page 3. Now in aU those months in which' the morement 
of the aw from the easte-ard is greater in the day than in the night, the ratio of recorded 
mght movement to that of the day is less than in the months of March, Apiil and Mar. 

ence, y correcting for Motion, the mean easterly movement of the night winds will 
be mcreased m a greater ratio than that of the day winds in those months I shaU 

-- -Oearonr to tra. 

a co^eretvZlt trial '“T- 

of Best’s foimX fortae Z cooT t" “ second periodical term 

direction, was lirttt hT^ “temLT 

generality, ilr. Chambers, indeed, endeavoured 
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to sliow hoTV tlic barometric tides might he supposed to he generated as a consequence, 
(if I liavc understood him rigidly,) of the double diurnal oscillation of the uhid. The 
present results show that the douhle diurnal oscillation is an element of even greater 
relative iinporlancc in the Calcutta than in the Bombay wind system, hut its relations 
to the haromctric tides dificr from those dcserihed hy Mr. Cljamhers in many important 
respects ; and so far from regarding it as a ])ossiblc cause of the tides, a view which I am 
unable to reconcile vith mechanical laws, it seems to me to he more probably a common 
cfTcct of the same cause that produces the barometric tides, and to depend (as regards 
Bombay and, in part, Calcutta), not on the mere existence of those oscillations of 
pressure, but rather on their dilTcrcncc over land and sea., Consequently the diunial 
variation of the ■n*ind is probably not a phenomenon of universal occurrence, or at all 
events of uniform type, hut one depending on local conditions and varying udih them. 

It is evident on simple inspection of the wind forraulm at page 11, that the second 
periodical term of the formula for the north and soutli co-ordinates will have a maximum 
(positive or) northerly value about 1 h. 30 min. a. m. and p. m., and a maximum 
southerly value about 7 h. 30 min. a. m. and p. m.*^ Consequently the change from 
north to south values takes place about 4 h. 30 min. a. m. and p. m,, and in the opposite 
direction about 10 li. 30 min. a, m. and p, m. Similarly, the second periodical term of 
the foj'inula for cast and»wcst co-ordinates will attain a maximum (negative or) westerly 
value about 1 hour 5 minutes a, m. and p. m., and a maximum easterly value nhout 7 
hours 5 minutes a. m. and p. m. On turning to the barometric formula at page 10, it 
is equally apparent that the zero values of the second periodical term will fall about 
1 and 7 a. ni, and p. m. Consequently the wind, in so far ns it depends on the 
semi-diurnal oscillation, blows from the north-west during the falling barometric tide, 
and from the south-east during the rising tide, the changes taking place about half an 
hour later than the barometric semi-diurnal maxima and minima. 

Seeing that as regards the cast and west variations of single period, the relation of 
wind to pressure is of exactly the same kind as the above, the conclusion seems irre- 
sistible that there is a close physical connection between the two phenomena. As regards 
the north and south variations of single period, any part of it that may depend on the 
haromctric tides is inseparable from the merely local land and sea breezes. 

The relation here manifested is, however, of a very different kind from that which 
Mr. Cliambers has shown to exist at Bombay. At that place the north and south com- 
ponents of the semi-diurnal variation have indeed their maximum values at about the 
same hours as at Calcutta, hut the directions are reversed ; the tendency of the wind 
being from the south diuing the falling and from the north during the rising pressm’e. 
The cast and west variation on the other hand differs hy 3 hours in phase from the above, 
so that the greatest easterly movement (dependent on the semi-diurnal variation) coincides 
with the minimum, and the greatest westerly movement with maximum pressure. 

Now these facts, taken in coimcction with the geographical positions of the two 
places (on opposite sides of tlie peninsula), suggest, at aU events, the probability that 

^ 111 the anomometrit' fonnnla nt=0 correspontls to tbc wind's ino%-oaicnt between inidnigiit and 1 a. conseqaentlv to tUi* 
tiiran hour 0 h. 30 min. ; wlien.'us in the barometric formula cornsrouds to midnight. 
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the physical conti-ast of the land and n-ater may he not unconcerned in the phenomenon ; 
and looking- more closely at the factsj it appears that, as far as can he judged fi’oni the 
evidence of only two stations, the tendency of the vrinds is anti-cyclonic around the 
peninsula dining the falling pressine, and cyclonic dining the rising pressui-e ; these 
tendencies manifesting themselves in the mean diinnal wind-curves only as modifjdng 
the more important oscillation of single period. 

To pursue this subject further will involve an enquiry into the variations of the 
barometric tides and into the causes and consequences of that hitherto perplexing class 
of phenomena ; and, treated merely as a digression from the main subject of this 
monograph, would unduly extend the limits of the discussion. I here content myself, 
therefore, with pointing out the general character of the relations of the wind variation 
to the oscillations of pressure, and reserve the fuller treatment of these relations for 

another occasion. 

Before concluding this part of the discussion, it remains to say a few words respect-, 
in O’ the changes which the diurnal variation of the wind undergoes at different seasons. 
These arc shewn by Table G (Appendix) ; and graphically in Plates TII, lY, and V. I 
' have not attempted to correct the emwes of the individual months by tlie interpolation 
formula, since I do not think the data are as yet sufficient to admit of being so treated 
with advantage. I shaU only direct attention to one principal point, wherein certain 
of the monthly curves deviate from the normal emwe of the year given on Plate I, 
Pigs. 4i and 5. 

In the first j)lace, aU the curves are more or less modified according to the dhection 
of the diurnal resultant, since the movement always tends to be greater in that direction 
as the tcmperatiue of tbe day increases, and vice versa. Thus it happens that in Nov- 
ember and December, when tbe resultant is almost due north, the north component of 
the diurnal variation is greatest about noon, and in the early morning hours has only 
about the same value as at sunset; and in July, August and September the diurnal 
rotation is direct instead of being retrograde. The diurnal acceleration of the wind is 
however not the only cause of this modification, which implies a greater movement of 
the air from the eastward dmang the day than duiiug the night hours, and therefore 
the reversal of the normal east and west oscillation of single period. I have remarked 
already on the approximate coincidence of this oscillation with that of the barometer 
as expressed by the first periodical term of Bessel’s formula. Now the magnitude of 
this term depends on the inequality of the two diurnal waves of pressure, and this 
inequality is at its maximum in the dry hot-weather months, and becomes very small 
during the rains (Comp. Pigs. 9 and 10, Plate II). Elsewhere I shall endeavour to shew 
the physical relation that obtains between these phenomena. 


Pigs. 5 to S, Plate II, have reference to this relation, and illustrate the inequality 
6f the semi-diurnal barometric tides over a dry land area, and their approximate equality 
over the sea ; in consequence of which, if the wean pressure over laud and sea is equal 
here must he a tendency of the wind to blow from the land during the day, and from 
the sea dunng the night, directions the reverse of those of the coast winds. 
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PART II. 

Tim TiiEK^rAL, Batuc, an*i) IlyETic 'Wikd-kosk.— Since tlic direction of the wind in 
Calcutta is dillcrcnt and cliaractcristic in each month of the year, and since the annual 
variations of temperature, pressure, and rainfall are equally marked and characteristic, 
it is clear that, on the average of the year, each wind will con'espond to a certain U’ell- 
dcfincd phase of the annual variation of these elements, and wind-roses constructed 
from such data noil exhibit features of a very decided chameter, hut such as depend 
on the season of the year rather than on the dii'cction of the wind regarded per so. 
Thus, a north wind will correspond approximately to the mean temperature of Kovem- 
hcr and Becemher, a south south-west wind to that of the hot-weather months, &c. 
To a less degree, the temperature corresponding to each wind will be influenced by the 
diurnal variation, since both these elements follow a diurnal cycle ; westerly winds 
being most ])rcvalcnt during the hottest hours, northerly ndnds in the early morning, 
and southerly in the evening hours. The thermal and baric relations of the Calcutta 
winds, thus regarded, have already been discussed by Bovc;'^ and it docs not seem 
necessary to repeat hero facts which are by this time siifTicieiitly familiar ; my object 
in the present discussion being rather to ascertain what variations of tcmpeintiwe, 
pressure, and rainfall characterize the different uind directions, after cliininating all 
that is peculiar to particular seasons or hours of the day. 

When this* is done, the difTorcnccs of temperature, &c., which remain outstanding, 
arc, as might he anticipated, comparatively small, and their relations to the several 
winds are far from constant, varying indeed from month to month. Thus, in Pchruary, 
the warmest wind is from the south, in March from south-west, in April fi'om north- 
west, and in May from south, and similar changes are exhibited in the relations of the 
winds to variations of barometric pressure, and even rainfall. 

TEiitrEUATtiiiE. — Table III below, exhibits the variations of the thermal -wind-rose 
for each month of the year, as computed from the hourly observations of six years. 
That for each month is therefore based on an average of 4-,320 observations. In com- 
puting this table, the observations of temperature have first been tabulated under each 
of the eight principal wind directions separately, and theii* mean values extracted. 
A coiTectioii has then been applied to eliminate the effects of the diurnal variation ; 
which correction has been obtained by multiplying the mean temperature anomaly for 
each hour by the nmnher of wind observations in each octant recorded at that hour, 
and dividing the sum of the products for each octant by the sum of the ohserrations. 
TVom the series of temperatures for each month, thus corrected, have been computed 
the rectangular co-ordinates of the first two periodical terms of Besseb formula, for 
that month. Lastly, the annual series of the rectangular co-ordinates of the con’es- 
ponding terms of the monthly formulce have themselves been treated by the same 


• Mctccrologiwlic Jlitthcilongcn, 1S37, pagw 301 to 327. 
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„rocc- and the tempei-atoes of Table III have been computed from the corrected 
formula. In the general formula a-JI + V sin (» ^15 n) + V sm (n 90 + « ) the 
corrected co-etdoients TJ', H'j n, are as follow : 


January 

XT 

0-691 

February 

l-4'20 

I\Iarcb 

1*582 

Apiil 

1*187 

May 

0*951 

June 

2-119 

July 

1*976 

August 

0-S22 

September 

0-487 

October 

0*786 

Ifnvember 

0*793 

December 

0*435 


«' 


XT' 

U 

t 

254° 

46' 

1'212 

65° 

54' 

234° 

47' 

0-607 

55° 

4' 

200° 

51' 

0-096 


18‘ 

185° 

51' 

0*688 

lor 

12' 

256° 

18' 

1-115 

91° 

27' 

308° 

28' 

0*536 

43° 

13' 

323° 

40' 

0*632 

343° 

15' 

330° 

50' 

0-483 

47° 

8' 

294° 

5’ 

0-575 

92° 

34' 

312° 

27' 

0*294 

274° 

7' 

353° 

53' 

0*742 

297° 

13’ 

13° 

0’ 

0*637 

o f 0 

04 

13' 


Table III. — Mean temperattire variation of tlae grinds in each month, after elimination 

of the diurnal variation. 


1 Mouths. 

Mean, 

N. 

N.E. 

E. 

S.E. 

s. 

S.NV. 

^v, 


.luimuTj- .. 

G7-S 

+ 044 

-0-11 

-1-20 

-015 

+ 1-77 

+ 1-09 

-0 92 

-O'&A 

Fetraury ... 

7S-0 

-0-6G 

-1-05 

-1*33 

-Oil 

+ 1-66 

+ 1-75 

+ 0-S2 

-0-50 

March ... 

60-4 

-0-56 

-1-35 

-1*48 

-0-74 

+ 0-57 

+ 1’54 

+ 1‘4*7 

+ 0-55 

.\liril 

S4'7 

+ 0-52 

-1-29 

-2*15 

-0-80 

+ 0-83 

+ 1*02 

+ 0-80 

+ 1-07 

May 

85-9 

+ 019 

-0-84 

-1*34 

+ 0-52 

+ 2-01- 

+0-78 

-0-89 

-0-47 

•luHO 

84-9 

-1-29 

+ 0-15 

+ 0-95 

+ 1-71 

+ 2-03 

+ 0-G3 

-1-69 

-2-50 

Jaly ... ... 

83*4 

-1-35 

+ 0-90 

+1*77 

4- 1'35 

+ 0-99 

+ 0-31 

-1*41 

• -2-56 

... 

S3-1 

-005 

+ 0'55 

+OSG 

+ 0-46 

4 0-75 

+ 010 

-1-07 

-112 

Stiptcmhor 

83-3 

1 +0-13 

-0 20 

- 0-38 

+ 0-48 

+ 1-02 

+ 015 

- 0-77 

- 0-43 

October ... 

81-0 

! - 0 - S 7 

- 0-01 

+ 0-82 

+ 0 - 7 C 

+ 0-29 

+ 0-08 

- 0-24 

- 0-81 

Kovcinbor 

749 

- 0-74 

+ 0-84 

+ 1-45 

+ 0-28 

- 0‘58 

-016 

-013 

- 0-96 

Dcccuilier... 

6 S 0 

+ 0-46 

+ 0 90 

+ 0-07 

- 0-30 

+ 0-26 

+ 0-16 

- 0-78 

- 0-76 

Vcar 

1 

79-3 

- 0-32 

-013 

- 0-21 

+ 0-29 

+ 0-97 

+ 0-62 

- 0-44 

- 0-78 


^ The results of this table are represented graphically in the thermal mnd-roses 
given on Plate VI, Pigs. 14 to 18, and Plate VII, Pigs. 1 to 8. 

Hence, on the average of the year, south, or more accurately, S. T W. is the 

direction of the 'oind 

provinces. But thdr'’eltroLe'^Z;ut' Ste ‘iti ” 

auddimualvariaHouofteCaSrM^ “ 












OF CALCUTTA. 


17 


Tiic variatioBs in tlic relative temperatures of tlic several wind ciuTcnts, cxliibitcd 
in the foregoing table, arc curious and instructive. In October, at the end of the 
mins, the warmest quarter is about cast-south-east, which is that from which the expiring 
monsoon blows most strongly ; and tlic coolest about nortb-nortb-west. In November 
tbc former shifts to east, while the latter is a little more westerly. In llccembcr a 
further change takes place still in tbc same direction, and at the same time a secondary 
maximum begins to appear in the south, which in January becomes the principal 
maximum, while the northerly maximum tends to disappear.. After this the increasing 
heat of the land uind from the Upper Provinces during the spring months is slicwn 
by tbc direction of maximum tcmpcralm*o working roimd from south Ibrougb west 
to north-west. Put in !May it returns to south, tbc nlnds from west and north-west 
in this month being chiefly those which accompany north-westers, in wliich ease their 
tempemture is reduced hy the evaporation of the rain.*^ During the rainy season, which 
follows, the direction of the warmest wind coincides approximately with that which 
is most prevalent, but is more easterly in July than cither in the preceding or following 
months; while in September the themial wind-rose is A^cry similar to that of January'. 

On tbc whole, the evidence of the thermal wind-rose of Calcutta accords Avith the 
conclusions formerly arrived at from the eb'seussion of the winds of Northern India, 
viz., that the triads are either drawn from the sea to the south, or originate in the 
interior of India, and their tcmpcinture varies Avith that of tho region from Avliich they 
proceed. Polar currents, properly so called, play no part in tho wind system of 
Bengal, 

Pressure.— T he baric trind-rose has been computed in the same manner as the 
thermal Asdud-rosc a7iid from similar data ; the means having been duly corrected for the 
diurnal variation of pressure before heiug treated by Bessel’s formula. 

The corrected co-efficients of the formula for the baric wind-rose of each month 
arc as folloAV : — 


January . . . 

4 a ■ 


U’ 

... -0331. 

4 

« 

S‘n9' 

XT' 

*0095 

ii" 

3G'’ 2' 

February ... 

• * • 

« • • 

... *0393 


-00G6 

sis'll 9' 

^larcli 

« 4 • 

4 4 4 

... -02*10 

SO" S' 

•0069 

2S8'’26' 

April 

« ■ • 

t « • 

... -017S 

G0"53' 

•nOGo 

24a"34' 

!^^.^y 

« » • 

* « * 

... ‘0250 

60"44' 

•0055 

155MS' 

June 

• 44 

« « « 

... -0136 

49°4G’ 

•0134 


July 

4*4 

* 4 4 

... -0221 

264" 2' 

•0177 

100'’4F 

x^ugusfc ... 

• 4 * 

4 4 4 

... -0342 

25r5G' 

"0145 

101'’ 5' 

Sepetmber 

* « * 

• » 4 

... ‘OUS 

203"5S' 

•0079 

112“ 4' 

October ... 

* * * 

» • 4 

... *0280 

12o" 5' 

'0010 

l*2-2"54' 

No\'ember 

4 4 4 

4 4 4 

... *0197 

IW'Zl’ 

•0045 

79'»55' 

December 

4 4 4 


... -0192 

73"39' 

•OOSG 

53'’55' 


from wliich the folloAving table has been computed. 
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IS 

I\^— Mean teometric variation oi the -n-iiMls in each month after eliminatiog 

tlie diiuTial TariatioH. 


Moyni. j 


X. 

K.E. 

E. 

S. E- 

s. 

S. -VV. 

■(V. 

s. rv. 






30-012 ^ 

+•039 

+•034 

—•002 

—■02s 

—•027 

—•018 

—•009 

+ 013 

Jaimary 

















^9-9 i7 

+•037 

+•040 

+■010 

—•027 

—■039 

—•027 

— 009 

+■013 

FeLraarj' 


M* 











^laTcIi 

••• 



•555 

+■017 

+•022 

+•011 

— 016 

—•030 

—■017 

+'002 

+•012 





•758 

+•010 

+*014 

+■013 

—■004 

—•022 

—•019 

—•001 

+•009 

Afril 

— 

•4* 

1 ■ ■ 










May 


4 f 

4 ■« 

•C41 

+•025 

+■020 

+•010 

—•002 

—'020 

—‘030 

— ’015 

+•012 

June 




•541 

+•023 

+ 009 

—•004 

+■004 

+'002 

— -018 

—•021 

+-00G 

July 


. .« 

• ■ 4 

•532 

—•005 

( 

—•020 

— •0-20 

+•017 

+ 039 

+ 014 

—•015 

—‘Oil 

August 

» . * 



•590 

! —018 

j 

—•033 

—'025 

+•018 

+•047 

+-02S 

—■004 

—'013 

SeptembeT 

... 

» • t 

... 

•esi 

1 +-001 

1 

—■017 

— •621 

—•002 

+■013 

+•011 

+■000 

+•003 

October 


*** 

> • 

■820 

' +-02-2 

1 

+•002 

—•017 

—•020 

— 'OId 

—■006 

+ 010 

+•025 

NovembOT 


41. 


•959 

1 +-023 

+•009 

—•Oil 

—•019 

—•014 

—'007 

+•002 

+•017 

December 



• *« 

30-023 

! +-025 

+•023 

—•002 

—•014 

—•Oil 

—•012 

— -012 

+■004 

~ 

Year 

... 


29-780 j +'017 

+•008 

—•005 

— -oos 

—•007 

—•OOS 

— -ooc 

* ' 1 

+-OOS 


Tbe results of this table are sheum in a graphical form in the baric iririd roses on 
Plate Yl, Pigs. 1 to 13. 


This table shews that on the arerage of the year, after eliminating the annual 
and dimnal yariations, the highest pressures accompany north winds, and lowest those 
fi'om between south-east and south-west. The former direction does not exactly 
coincide with that of lowest mean temperature, nor do the latter correspond very 
definitely with that of the highest temperature, although regarded generally this 
relation does hold good. The variations of pressm’e which characterise the different 
quarters arc at all times of the year very small, and the extremes never differ by so 
much as OT inch. 

Through the dry months of the year, from October to April, the quarter of 
liighest pressure veers gradually from north-west to north-east, and that of the lowest 
from south-east to south-west, i. e., against the direction of the wind’s rotation. In May 
the former veers to north, but with the beginning of the rains the pressure rises with 
winds from south and south-east ; and from J uly to September, south is the quarter of 
highest pressure, and north-east or east-north-east the lowest. At the close of the rains 
in October, the change to the cold-weather distribution takes place by a rapid shift of both 
maximum and minimum, the former to north-north-west, the latter to south-east, from 
which quarters they continue to veer in the subsequent months as already described. 

Comparing tbe results of Table IV with those of Table III, it is evident that at 
Calcutta no such relation exists between temperature and pressure as was established 
hj Dove in the case of the winds of Europe. In the cold-weather months the highest 
pressmes tend to coincide rather with the lower temperatures, while in the rainy months 
t e opposite relation holds good. Nor is the relation of pressure to the humidity of 
e win (as tested by tbe proportional rainfall) more definite and constant, for while 
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‘in the liot-'R'cather months tlic highest pressures coincide with the 'trettesi winds, the 
opposite rule holds good in the mins, inien the physical meteorology of the country 
shall he hettor understood, it will prohahly he found that the variations in the wind 
directions depend on certain anomalies in the distribution of pressure; there is no 
reason whatever to conclude from the data now before us that the variations in the density 
of tlio lower cuiTonts of the atmosphere arising from variations in the characteristic 
temperature and humidity of the place of their origin, ai’C the most potent causes of non- 
periodic variations in the local pressure. 

Baixml. — T he relation of rainfall to u*ind direction may ho regarded from two 
vciy different points of view. By far the greater proportion of the rain that falls at 
Calcutta is brought by winds from between cast and south-west, that being the ])rc- 
valcnt direction of tho winds during the rainy season; and the direction of most 
frequent rainfall is about south by east. But if we estimate the wetness of the winds 
as proportional to the percentage of the whole number from each quarter that arc 
accompanied by rain, the result is somewhat different. It then appears that the hyctic 
wind-rose presents two maxima and two minima, an absolute maximum at almost 
due cast, and a secondary maximum at south-west, while the absolute minimum corres- 
ponds to north-west by north, and a sccondai*y minimum to south west, which very 
nearly coincides udth tho direction of the absolutely greatest or at least most frequent 
fall. Tho data upon which this generalization is based are given in the accompanying 
Tables V and VI. The first shews tho number of winds observed in each month during 
10 years, arranged under 8 points of tlic compass, and also the number that were 
accompanied by rain. It is very evident that in both cases the accuracy of the estimate 
of direction is impaired by the observer’s tendency to refer an undue proportion of 
■winds to the four cardinal points, hut wo may fairly assume that this error affects both 
parts of the table equally, and tbc percentage proportion of tbc rainfall to the frequency 
of the several winds in Table YI is probably a near approximation to tlm truth. 

Table V. — Number of winds and winds with rain observed hourly during ton years 


at Calcutta. 
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15 
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12 
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THE WINDS 


The error above referred to may be approximately elimiiiatecl by computing the pro^ 
bable values by means of Bessel’s formula, not going beyond the term dependent on 
3 n 0. Thus treated, we may substitute for the annual sums of the winds with rain in 
Table V the following values, omitting calms— 

N X.E, E. S,E. S. S.W, W, X.W. 

237 4i6 660 889 1059 758 333 348 

or reduced to the form of percentages of the whole number of rainy winds under the 

eight points — 

N. K,E. E. S.E. S. S.W. IV. X.W. 

6.14 9-53 14-10 19-00 33*63 16-35 7*09 5-39 

This result is represented graphically in the hyetic wind-rose, Plate YII, Pig. 9, 


Table YI. — Percentage of rainfalls with winds from each quarter in each month com- 
puted from Table V. 


Moktu, 

N. 

N. E. 

E. 

S. E. 

8. 

S. W. 

W. 

N. W^ 

Calm. 

Jattaary 

• «« 


ooo 


4-21 

a / t 

0-77 

1-16 

0-41 

0-48 


February 

!*• 

... 

2-01 

1-80 

6-40 

0*75 

1-07 

1-43 

0-93 

0-95 

... 

ilarcli 


«»t ••• 

3-22 

13-01 

5*58 

3-Cl 

0-32 

0-B4 

1*69 

0-77 


April 


«•« ••• 

10-34 

9-80 

2-86 

2-81 

1-03 

1-65 

4-07 

10-20 

■ t* 

Uay 

• •• 

*•« •!« 

17-20 

13-40 

773 

4-63 

2-15 

8-70 

11-04 

26-78 

1-05 

June 



21-GS 

12-16 

18-00 

11-49 

C-4S 

10 

CD 

26-56 

21-38 

6-67 

July 

• *» 

... 

33-64 

19-16 

ie-41 

14-58 

12-34 

23-15 

83-60 

37-70 

C-49 

August 

«•« 

<•* 

2o-55 

16-69 

16-84 

17-68 

13-64 

18-64 

24-66 

18:75 

S-30 

September 

... 

••• •«. 

10-71 

17-94 

14-78 

10-68 

7-23 

10-44 

9-58 

B-80 

3-29 

October 


et. 

2-S2 

10-91 

18-38 

10-41 

6 67 

2-87 

3-08 

6-06 


K ovember 


4*4 

1-13 

2-88 

6-3B 

7-14 

3-58 




• 4* 

December 

... 

•*t ««• 

0-42 

3-76 

1-73 

1-72 

1-00 


0-12 

0-42 



Year 

l«< 

3-20 

9-04 

12-27 

9-83 

6-33 

8-01 

B-25 

2-76 

2-12 


Table VI is very instructive, and seems to establish a fact of much importance with 
respect to the probabilities of rainfall. The wind direction which is most prevalent in 
the rains, and which may he regarded therefore as the normal dii-ection of the summer 
monsoon current, although, on (he whole, it brings more rain than any other, does so in 
lirtuc of its greater prevalence, and by no means in proportion to its frequency. On 
the contraiy, rain is proportionaUy less characteristic of this wind than of any other. 
If 2 s therefore mt when the monsoon current is Mowing steadily that rain is most pro- 
, it when \t is deflected from its normal direction hy some local irregularity of 
pressure, and ouiin is the more prohahle in proportion as this defection is greater. 

P^sibly is a law of local appboation only, and may not not hold 
this inference t^inds at all times of the year m-e dry winds : and 

e;::f^:e;re of wWerilstX^^^^ Septemher;in 

relative maximum -ilm f r i- • ^ wmd-rose of rain-prohahility presenting a single 
two maxima (vh., or SwT ^PP^ite to the direction of -greatest prevalence, 
’ . nc 1 .) result, separated hy a comparatively diy quarter. 




or CALCUTTA. 


ill 


With ibis cxccplion, lio^vcvcr, the rule ■^•ould seem to hold good more or lc?s throughout 
the year. Tliis is shewn very distinctly in the following iahle, in which I have thrown 
together the results of the scvcml months to give the mean of the three Indian seasons, 
vh.t (1) the cold weather, October to Pchruar}'; (2) the hot weather, ^larch to !May; (3) 
the rains, dime to September; and have corrected the jierccntagcs by PcsscFs formula 
computed to tlircc periodical terms. The coefficients arc — 


U' «• LT CT" 

(1) Octoher to Tebruary, ... 3*32 3*578 31 7'35' 1*0IG 252''55' 0*G10 

(2) Mnrcli to Mny, ... 5*33 -i-GlG GOnr 1*075 SuP'iC' 1*103 

(3) Juno to September, ... 17*17 -1*032 12 7"iI7' 1*017 315'' O’ 3*317 


I7-r3:y 

313"58' 

SO'JS' 


and the several values thence computed, together with the quarters of greatest and least 
relative minfall probability, as follow. I have added the mean wind direction of the 
season, deduced from the data in Table V. Pigs. 10 to 12, Plate YII, illustrate graphically 
the facts shewn numerically in the table. 


Table VII. — Percentage probability of rain with winds from each quarter at the 

three seasons of India. 
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CC2 

2*19 
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1*17 

W. ^ K. 
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X. 5V. by 

N. 

Mnrcli to Mny 

S*37 

11*89 

G‘03 

3*05 
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0-91 

3*91 

6-I7 
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S. 
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X. 

! 
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) 
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22-30 

17To 

15*59 

M*53 

9-.30 

19-95 

21*60 

17*05 

S, by E. 

K. 

R. by E. 


In the di'icr season of the year, therefore, ?. e., in the cold and hot weather, the 
direction of the most rainy uind is not diametrically opposite to that of the most pre- 
valent wind, hut is deflected from it three or four points to the eastward of the opposite 
quarter, hut in the rains the deflection amounts to one point only. 

The conclusions arrived at in this discussion may he summed up as follow : — 

(1.) "When that variation of temperature which depends on the season of the year 
or the hour of the day (in general terms on the direct influence of the siin) is elimi- 
nated, the relative temperature of each wind varies according to the relative tempera- 
ture of the region from which it proceeds. The land wind from the interior is the 
cooler when the mean temperature of the land is lower than that of the sea, and vice 
versd. The month of Hay presents an exception to the rule, which is explained by the 
fact that in that mouth the uinds fi*om the interior meeting those from the sea give rise 
to storms, which cool them by the evaporation of the fallen rain. 

(2.) "When those vai’iations of pressure that depend on the season of the year 
and the hour of the day are eliminated, the pressure characteristic of each vind 
direction is found not to vary cither as the temperature or the relative humidity of the 
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current.^ Jn the rain.v season the highest pressures occur with the winds which are 
most prevalent at that season, and as the iwessure falls, so do they tend to deviate from 
the noimal direction. In the earlier part of the- dry season the highest pressures occur 
with ivinds from the north-west and north, in the later part with those from the 
north-cast. In general, it may he inferred that the direction of the wind is determined 
by the local distribution of pressure, and not the latter by the former. 

(3.) On the average of the year by far the greater quantity of rain comes vith 
winds fi-om between south and south-east, hut this chiefly depends on the fact that these 
winds are the characteristic winds of the rainy season, and partly that they are more 
prevalent than those from other quarters. The probability of rain with a given wind at 
any season is, as a general rule, the greater, the less seasonable the wind from that 
quarter, but the probability is increased the more easterly the direction. 

* The relative humidity being nsstinied as proportional to the fi-equency of rainfall relatively to the frequenej' of the n hut 
from each quarter. 
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TABLE A. 

jtfcd}! j»o>'et)im/ of flir (Irrcxperiire of (lirectionj in each hour of each taonfh rephteretf ile Stceh'x 
onmoprajyh at S(^ Xavier’a Coltcffe, Calcnttei^ from Juty 1871 to hinc lS7f>. 
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THE TTENDS 


EXPLANATION OE THE PLATES. 


PLiTE I, — Fig. 1 : Annual variation of the mean diurnal resultant of the wind's movement. Fio- o . 

Annual variation of the mean total wind movement per diem irrespective of direc 
tion. Fig. S : Annual variation of the mean monthly temperature. Fio- 4 . 
Mean diurnal variation of the wind after abstraction of the mean resultant A 
line drawn from any point of the cnnm to the centre A represents in len<»th and 
direction that movement which, compounded with the mean diurnal resulfant 
will give the actual mean movement for the hour preceding that denoted by the 
hour-number for that point of the curve. Fig. 5 : The same coiTcoted by Bessel's 
interpolation formula. The oval dotted line represents the variation of single 
period computed from the terms depending on n 0 of tJie rectangular eo-ordinates • 
and the line B E (the axis of this curve) represents the approximate direction of 
the land and sea breeze. Fig. 8 : Variation of the east and west co-ordinates of 
Fig, 5. Fig. 7 : Variation of the north and south eo-ordinates of Pig. 5 . All the 
above have reference to Calcutta. 


PL.-ITE II, Fig. 1 ; Curve of the mean diurnal variation of vapour tension at Calcutta. Fig. 2 ; Curve 
of the mean diurnal variation of the weight (in grains) of water vapour per cubic 
foot of air at Calcutta. Fig. 3 : Mean diurnal variation of the hourly wind 
mm^ment irrespective of direction at Calcutta. Pig. 4: Mean dimma] variation 
of the air temperature at Calcutta. Fig. 5 : Mean diurnal variation of pressure at 
iarkand from nine months' observations, viz., November to July inclusive. Pig. 6 ; 
Mean diurnal variation of pressure for the Tropical Atlantic [Square 3, Northern 
Half]. P,g. 7 : Mean diurnal variation of pressure for Calcutta. Mean of the year. 
Mg. S: Mean diurnal variation of pressure for Luclcnow. Mean of the year, 
ig. 9 : Mean dmmal variation of pressure for Calcutta in March. Pig. 10 : Mean 
diurnal variation of pressure for Calcutta in July. 
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or CALCCTTA. 


n:; 

, bnric wikI-topo for the whole year, repre'^'ni^'fl on a fimilar <cnle, I'lj;. 1 J * The 

thcnnal wintl*rocc for the year, the imuT chcle rejirc-scntuif: the lowe?t tcni- 
pcmtnrc in the lacL line of Table III, nnd each fUt'ceedin;^ circle an increment 
of r I’.alir. I'io?. 15 lo IS are the thermal wind-roscs for January to April 
similarly repre^en^e<l. 

VII. — 1 to 8 are the thermal wind.roscfi for the motitlH May to December on the fame 
scale as Figs. I J to 18 of Pl.atc YI, Fig. 11 : Hyetic wind-rose for the year at 
Calcutta, shewing the absolute frequency of rain from each quarter. Each 
circle rcprcfcute an increment of 2 per cent, of the sum of all the rainfalls 
iahulnted under 8 wind points. Figs, 10«‘]£ illustrate, for c.ach of the three 
Indian KC.asons, the probahility of rain, when the wind is blowing from any 
given quarter, as a percentage of the whole number of winds from that direction, 
Tlic numerical values are t.akcn from Table VII. 
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lL—~Thc Ulctcovologif cind Clhnnte of Yih'kaud iiml K(hhijh(h\ heinn chlejlij n dhrussio;; 

of registers kept hg 3)u, J. Scuu,y m lS7 j-5. 2hj lICKitv F. IJLANror.i), 3te{eoro- 

logical Reporter lo the OocernvioU of Ittdh, 

Tin: oljKcn'aiions, which arc more especially discMissod in tlie following pages, arc the 
work of Dr, J. Scully, of the Bengal ^ledical Service, who, in the autumn of 1S7 I, 
accompanied the mission sent by the Indian Government lo Kushghiirin under the 
charge of ^Ir. II. B. Shaw. This mission, to wliich Dr. Scully was attached ns chief 
medical olTiccr, reached lYukand on the Gth October, and aftfi* five days’ halt at that 
place, proceeded to Kdshghiir, where it remained till the 29lh December. On that date the 
mission left to return to Yaiknnd, where it arrived on the 7th .Taminry 1870, and whore 
it remained np to the 20(h July of that year. During the whole period of the mission’s 
residence at the above cities, ohservat ions wore recorded regularly, night and day, at 
intervals of six hours, in addition to the rcading.s of the self-registering thormomctci's 
for extreme shade temperatures and radiation ; and, during the greater part of the time, 
of the anemometer. And on four days in each month, observations of the principal instru- 
ments were talvcn hourly, beginning and ending with a midnight observation. These 
observations alone afford, therefore, very excellent materials for a description of the 
mctcorologv of this remote and highlv interesting countrv, during the whole of the 
winter, spring, and the greater portion of the summer months ; and they arc the more 
valuable, owing to the care with which they have been snpcr\ised throughout, and to 
the precautions that have hccu taken to cliniimatc all instrumental errors, and to 
reduce tlicm to terms of acknowledged standards. 

These, however, form only a part of Dr. Scully’s contributions to meteorological 
science. During the arduous journeys to and from Yarkand, as well as on the shorter 
journeys between the above cities, no opportunity was lost of recording the readings 
of the instruments carried by the travellers; and on the return journey, special precau- 
tions were taken to ensure uniformity in the exposure of the thermometers, by the 
construction of a portable thermometer shed, wbicli was erected at each baiting place, 
ami affonled conditions of exposure as nearly as possible identical with those which bad 
been adopted tbraugbout. At every halt of 21 hours or more, hourly observations were 
rope.atcd; and data for the diurnal variation of all the meteorological elements ordinarily 
observed, have thus been fiu*nishcd for seven places, at elevations of between 4,000 and 
12,000 feet. A short series of ohsen'ations was also recorded simultaneously at 
Ivjislighar and Yiirkand for the purpose of ascertaining the difTorenee of their elevation. 
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The result confirms that previously arrived at by Captain Trotter, and is fiu’tlier inter- 
esting as affording evidence of the remarkable uniformity of the meteorological condi- 
tions prevailing at these tu’O places. 


It Tvill be easily understood that u'ork so laborious and exact was not carried out 
successfully without somewhat special exertions. In the report which accompanies 
the first instalment of the registers,^' Dr. Scully has briefly referred to tbe difficulties 
he met with in finding an additional man capable of being taugbt the work of un 
observer ; and, after two failures, Iiis eventual success in training Dhola, an uneducated 
hill cooly, first in the use of English numerals, then in that of decimal notation, and 
finally in the mode of reading the several instruments, and recording his observa- 
tions in the newly acquhed notation, is an achievement which reflects the highest 
credit on both teacher and pupil. I learn from Mr. Sbaw that the walls of the mission 
quarters at Kasbghar were, and probably still are, covered with Bhola’s early essays in 
the art of English arithmetical notation. 

Dr. Scully s registers, with the exception of the readings made during the journey, 
are herewith published in Ml, as reduced and corrected. In discussing the general 
features of the meteorology and climate of this part of Central Asia, I have also taken 
into consideration the careful, but less detailed, registers published by Captain Trotter 
and Dr. Eellew in tbe official report of Mr. (now Sir Douglas) Eorsytb’s mission in 
1873-/4; and tbe observations of Dr. Henderson, who accompanied Mr. Eorsyth to 
\aikand in 1870, and which were published in &ste7}so in the work “Erom Eahore to 
Yarkand,” of which he was author, jointly with Mr. A. 0. Hume, 


The following report from Dr. ScuUy, which accompanied the first instalment of his 
registers, describes the cii-cumstances under which the meteorological work was carried 
on. The barometers used bad been carefully verified to tbe Calcutta standard, before 
Dr. Scully s departui-c by tbe late Mr. W. G. WiUson, rrith whose advice and assistance 
the arrangements for tt,c meteorological work of the expedition were made; and that 
was retuvned _(No. 010 Negrettiand Zambra’s) was re-compared in tbe Meteorolo- 
oical Office. TIio original and final comparisons gaveresults wbicli differed only by -012 
tim a er readings being higher than the earlier. Some of the thermometers weL fm-! 
msbed with con'cctions also ; but as these were believed not to be in all cases trustworthy 
t .0 whole of the thermometers brought back by Dr. Scully were carefully re-tested at 
the fi-eezmg points, and compared through the range of ohservation witi, Jvr . , , 

thermometer, No. 374 -. which I received in 1868 from Professor Balfour 8 +p m 
methods of reduction followed will he noticed suhsoquently. ' The 


* Given in fall belon. 
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1^11. Frun.T*f on f^.e .V^fr^r. n-rtV rJ mt*;hU ^K,f jvVl jt'J* /rn^. li?7 J 

n/i (-J (!i( fi{{ ff rdf i‘ try Is75, 


“In fc/rn'afdtn^ tltc accoinr.-itAin*:: <*f the 


• ,\r<-if'r.jif.r5iilr];; twf T-i’i^l'iS ), t. n,4. srij 

f.'ititelhifit.* r!ttt«*’rf ! '-,•>'^1 rf'/Itfffii fi r t! <• 

liff Ibi'J, f.r,4 I mlifii; ttj iLc L'SlU r«i n:»rj JhTJ. 


t!]* tljf* prc’-^nt 1 itMi 

pvi* ft Krii’f nfXii'.mt of th*' wliiVh 

Wen folkiTVNl, tlie ifij.irtimo:it< sr.-! Uu* 
nf tljc latter. 


“ OftHKnvnrA— Tlic inedjrnl c^lnWiflnnenl of tlie Ku'-lsjib/lr At^etiry coni-ci* of a n^cHianl 

ftiftl ft cftmjMnHuJer. At tho of Air. W. (j. AVijt<ion, OnUlntin^ Meteornl-'^n'cnl n'-jv-rtor tlse 

(lovcrninti)t of Brnf^al, meteorolooicnl ollo^vancfF of Iij?. i]f) .ajnl It«, ID j-r^r mcnn in <vtrc fancti'jtjc<l fer 
lliC'C men, rcejjoetivi'ly, fn)m tlio <lalo of their nn-iv.*!! in tln^ country. 

“ The liO'sjntal Sheik Ameer Jinx, ha^ n fhir knovvlt^Wi* of Jhi'>li>jh and n*ri!es a tjcwl hnml ; 

Imt when he joined me, I fonnd that he had no knowledge whatever of tnidooroloj^ical iIt‘,t^tIncn^^^ On 
the journey to thw country I hnd, tlienTorc, to tenedj him the met!if<! of reading*- tlie vatiou>* Jn^^t1!m^nt?^, 
kc., and more cppecially the ftdijcct of decimal fractions, which he ma‘*tcrcd after j- nne time. 


“Xo componndcr was fupjdicd to me before I left Judia, and after trying: to teaeh two men jn'ckf'tl up 
on the wny and rcjcctinfi^ tlicm ns inromprlcnt, I .at last fonnd a man intelli;:o«t cnonirh f<fr the pnqtn*c, 
tnul who is now eomponndor and pocoiui ohserver. This man, lihola, ft native of Kfmgra, was en{:a:,w'il hy 
me nt Txdt to carry a Imromcler on tlie journey to this country. After our arrival at Kndi"hitr I com- 
menced to lo.neh him first the figures, tlien decimal fniciions, and finally liow to rot and rend the v.-nions 
instruments ; ho is now ri very painstaking observer, 

“ During llic early portion of our rosidouco at KAshghdr I took iny turn in making hourly oh^orva- 
lionp, .and I contimic frequently to test the readings recorded by the oWervers, On tlie whole, I Wdlevc 
the ohsorvftliong now submitted to bo worthy of cretlit, and 1 feel sure that no readings have Wen inter* 
jiolatcd, 

" iKSTRUMttXTS. — lioForo leaving Calcutta, the fgllowing iiistmmcnts were made over to me by the 
Alaibemelical Jnslrumcnl Department, viz . : — 

Jiarousders, — 3 X>gretti and Zambra’s, niul X Aneroid. 

dnemomders. — £ Cascllu’s two-whccl instruments fitted with wiud-vancs. 


Jlj/yrovtdrrs. — £ £ Sets of drv’ and wcL bulb thermometers. 

T/icnnovidcrs. — Maximum, minimum, wot minimum, minimum terrestrial radiation and maximum 
solar radiatiuii. All in (lnplie.atc. 

Iiain~^av^cx , — £ Symons’. 

“ The Aneroid was found to ho constructed to read only up to 7,000 feet, and as it w.ac^ therefore, 
likely to gel hopelessl}* outof gear in cros'-ing the high regions on our journey (sometimes over 1S,DD0 feel 
above sea level), it was returned from Srinnggur, and its jdacc supplied Ijy a CasclIaV boiling |v:dnt 
appamtus. All the instruments .above mentioned \vcre earrietl intolhi^tern Turke-s.an without the Flightesi 
damage ; a favourable result to be attributed to the fact of the articles having been carried all the w.ay 
bv jKirters, and to the great care shewn by hospital assistant Ameer Bux in looking after the instruments 
on the jonrney. 

“ It was iutctulcd to leave one of the mountain barometers at Leb, but a comp.iris/>n of tlic rc.ading-t 
of the barometer .already at Lch with X'egretti and Zamira’s X'o. Oil, showed the farmer to be in Ertvtd 
working onlcr; and Us correction to the Calcutta standard, Xcwm.an's No. SC, was found to he only 
•f O'Oof*. I Ibcroforo dofermined to take all the three barometers on with me, sjvcially ns I th'^n Ic.anit 
that Sir Douglas Torsyth’s party had lost several inslrmueuts by break.ago on the way to Ka-hglifir. 

K 
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..Barometer No. Oil woo used on the jonrney, tma for the r^nlnr observations at Kfcbgl* 
and YnAo lp to the 20nd Jannary, when it w.as aceidentally knocked down and, I regret to say, broken. 
J „ nlTda to Barometer No. MO has been in use; the eorreot.ons of these ...stranoonts have been regularly 
!nteer™ Form A. The Torrleollian vacnom of No. Oil <v.as perfect np to the tame when it was broken, 
and No. 910 is also in perfectly good condition. 

» On proceeding from Ydrkand to.KdskgMr, no Anemometer was taken on, as the Agency was 
expected to remain”afc the latter place for a few days only. Anemometer No. SOo was set up on the 
return of the Agency to Yarkand in January. The instrument {to which a wmd-vane is fitted) is placed 
on the roof of my room twenty feet above the ground. 

f The dry and wet bulb thermometers have been suspended in the thermometer shed four feet above 

the ground. Distilled water has been used for the wet bulb, and the muslin and wich frequently changed. 
During the very cold weather which we have had, the muslin was moistened with water about half an 
hour before the time of observation, and the rejiding of the instrnment was then taken with the bulb 
covered by a film of ice. No corrections have been supplied for these instruments.* 

" Tables of corrections for the maximum and minimum thermometers are the only ones which have 
been supplied. The mean error of the instrument with a contrary sign has been entered as the correction, 
because all the readings have been much lower than those given in the table diawn up at Calcutta. I 
should wish to be supplied with the corrections of all the thermometers determined in England, or if this 
is not possible, I beg that I may he furnished with a standard thermometer of an extensive range for 
determining the errors of the instruments. 


“ The rain-gauges have not been used, nor does there seem to be any likelihood of much rain in 
this country. 

" Sites of Jiistrumenfs . — The barometers have been placed in my room, suspended by means of their 
tripods and opposite a good light. For the adjustment of the vernier for night readings, the light of a 
lantern is directed on a sheet of white paper placed behind the instrument. 

The site of the anemometer has already been referred to. At Kdsbgh^r the force of the wind 
was estimated according to the table given at page fid; of the ‘ Instructions for hleteorological Observers.'' 
Y'henever the opportunity offers, the movement of the clouds at the zenith is observed by means of a 
looking glass and noted in the register. 


“ The sun rays thermometer is placed on two forked sticks, at a distance of about three feet from the 
ground. The minimum terrestrial radiation thermometer is placed on wool in the absence of grass. Both 
these thermometers are freely exposed, away from trees or walls. 

The hygrometers and other thermometers are suspended in a thatched shed, open on all sides. 
The bulbs of the thermometers are four feet from the ground and freely exposed to the air. The shed is 
in the centre of a large compound about 62 yards square. At Kashghar a similar shed was used for the 
thermometers, hut the court-yard in which this was erected was smaller than the one here. 


'‘Honrs 0 / Observations are recorded at 4 hours, 10 hours, 16 hours, and 22 hours 
^'^th, 21st and 2Sth of every month hourly observations are made from midnight to 
r the latter readings are taken, each observer, during the night, reads the instruments for 

ree ours , e\ cry third hour the two observers read together. The differences shewn in the hourly readings 
1 r f T thermometers, and the dry and wet minimum thermometers, will, no doubt, 

W adjusW vken tie corroclions „ro applied to ae reuai.g. rf the Wr iDstauments. 

toado b?Mrsw''p'vr“? “tsorvationa of the Bua'e altitude at ooon, 

made b, Mr. Sbaw, Jobtica! Ageut at Kaslighar, by meaue of a seatant. 


* Sec next page. 
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G. " Tlio InlHinlc nntl longitiulc of Kd'lif'har nnd Ydrkand have no tlonht been accurntely fixctl hr 
Ca]>tiiiii Tiotter, and are proliahly already known in India. Tlio nceompanying rcj;i?tcrs will enable (lie 
heights of these places to he calculated. From a comparison of some simtiUancous observations mad (5 at 
Loh and in this country, I have concluded that the height of Kashghdr is *1,1 il j feet above sea level, and 
that of Ynrk-'ind To determine tbcdifTerencc in level between the two stations, I sent the com- 

pounder IJliola, while we were at Kaslighar, to take readings at Ydrkaiul. Sixlyf sinniltancons observa- 
tions of the barometric pressure were thus obtained, which shew clearly, I think, that the atmospheric 
waves then adccting Kashgluir and Yarkntul wore identical. The mean din'ercnccof the barometric readings 
was 0,111, and I make the ditlcrcnce of level to be 109 fcotj, Kushghur being higher than Ydrkand. A 
copy of the readings at Yarkand, imcorrccted, is fonvarded herewith. The tables supplied to mo with 
the instruments for reducing the barometric readings to 32“ were not sufiicienlly extended for the low 
Icmpcrntures we have liad here. In such cases the corrections liave been made by me.aiis of tlie t.ables 
given in Sir Ilcniy James’ instructions;”^ . 


In the tabulated registers given in the Appendix, tlic barometric readings liave been 
reduced to 32“ Mircnbcit by the Royal Society’s tables, and corrected to the Kewman’s 
standard at the Siu’vcyor General’s OlTicc in Calcutta (No. 80), whicli has been found 
by an indirect comparison || to read *011 in. bigber than the standard of the Kew Observa- 
.tory. The mean of the four observations recorded at 4 and 10 a. At. and p. At., is given 
in tlic column of daily means as representing the mean pressiu* * § e of the day. 

The readings of the thermometers for air temperature, above tlic freezing point, 
have in like manner been corrected to the corresponding values of the New standard 
tbermometer No. 374, and those at and below the freezing point by the error of tlic 
instruments at that point, as determined by immersion in jnelting crushed icc, after 
Dr. Scully’s return from Tbrkand. The circumstances under which the thermometers 
were exposed have already been described in Dr. Scully’s report. As in the case of 
the barometric observations, the mean of the four readings taken at G-bour intervals 
is adopted as the mean of the day. The maximum tbermometer is one constructed on 
Phillip’s principle (with an iuterruption in the column produced by a small air bubble). 
The minimum thermometers were all spirit thermometers of the usual kind. 


The thermometer for solar radiation is one made by Casclla (also on Phillip’s prin- 
ciple) and enclosed in a vacuum tube. When examined in Calcutta after Dr, Scully’s 
return, it was found that the dividing air bubble bad disappeared,^ so that it no longer 
acted as a solf-registcriug thermometer. I learn fi'om Dr. Sculiy that' it was in perfect 
working order up to bis arrival at IMurrec on bis return to India. As sun thermometers 
in vacuo differ very much in their readings, it is now the practice, in the Indian illcteo- 
rological Department, to compare them with an arbitrary standard of the same kind** 


• Soc foot noto, I’lagc 41 . 

+ 1 , t*., Thirty at c.vcli Btation. — H. F. I?. 

J See fwt note, pnge -11. 

§ For llu'^e hove heen sabstituted values from n fable fpeclally competed for the Yarkand registers. — 11. F. B. 

{' See .louTDol, As. Sec., llenpl, 1S71, Voh il., Fort 2, p,nge ^ 10. 

^ lids is far from being an nncomroon occntrcaco irUli these instruments. I have not been able to .asecTtaia the cau*? iitis* 
firctorily. 

*• C.nsclh's Xo, 9179, a Phillip's maximum mcrcuriul in vacuo, having the £m.ail pea bulb, and one inch of the ttctn coaled (rtth 
matt*lainp*hlack. 
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(} e in Tacuo), Iit exposing the instruments side by side to the sun under identical con- 
ditions This has been done in the case of the Yarkand instruments, with the precau- 
tion that the readings were taken only when the temperature marked by the standard 
was ’that of the moment of observation. The mean correction thus determined has 
been applied to all the readings in the registers. 


The n-rass minimum thermometers used were spirit thermometers. One of them 
(in use up to the 15th April) was unfortunately broken, and as it had not been compared 
before the mission left India, the observations made therewith are necessarily uncorrected 
for any inherent error of the instrument. The remainder are corrected to the same 
standard as the air temperature obseiwations. 


The position of the anemometer, and its height above the ground (20 feet), have 
already been noticed in Dr. Scully’s report. The instrument is a small one manufac- 
tured by Adie on Dr. Kobiusou’s principle, with a vertical train of five wheels. The 
error of these instruments is always considerable, especially in light winds, such as 
appear to prevail almost exclusively in Kashghnria ; but there are, at present, no 
means of comparing anemometers at Calcutta, and the readings are, therefore, given 
nncorrected. 


The temperatures of evaporation have been corrected to the same standard as those 
of the air, and the vapour tensions have been taken from a table especially computed 
for these registers by the formulm — 


- 4S0 (t-n 

— J 1240-2— t' 


25-5 


for wet bulb temperatures below the freezing point, and 

25-5 




=/- 


1130 — 


for those above the freezing point. 

I have preferred this, which is Eegnault’s modification of August’s formula' adapt- 
ed to English units, to Apjohn’s formula ; inasmuch as comparative experiments made 
(chiefly, indeed, at high temperatures) in the dry atmosphere of the interior of India* 
shew that the mean value of the vapour tension thus obtained agrees very closely with 
that given by Begnault’s hygrometer, when the dry and wet bulb hygrometer is 
exposed, as was the case in Yarkand, to the freely circulating air under a welf thatched 
^ If is probable, indeed, that in so stni an atmosphere as prevails 

in Eashgh. ria, the results even thns computed are somewhat too high, but those 

+ 11 r ^ foimula are still more erroneous in the same direction. The 

(hygrometric table A'-II) as based 

from tlio sameUbk ^The computed 

computed from the realt-s of the sTf “ humidity tables is 

meters nlaced fnnv foot i° elf-iegisteimg dry aod wet bulb minimum thermo- 

meters, placed fovu feet above the ground sm-faoe. under the theiauometer shed. 

• Journ. As. Soc., Beng.dl, Vol. xlv, Part 2, p. 53. 
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TIic cloud cstimalions are given in tenths of the whole expanse. 

The rainfall was measured in a gauge of Symons' pattern placed on the ground. 

In tlic three final columns arc given Beaufort’s initials (in italics) and cloud initials 
in capitals, viz,, 0 (cirrus) S (stratus) 3C (cumulus) and their compounds. 


The cities of Kdshgluir and Yilrkand are situated at tlic western extremity of 
the great elevated plain of Central Asia that lies between the Thiau Shun on the north, 
and the ICuen Lun, the northern escarpment of Tibet, on the south. The greater 
part of this plain is believed to be a rainless waste, the desert of Gobi; hut that part 
whicli fringes the mountains that surround it on the north-west and south, is rendered 
fertile by irrigation from tlie hill streams, and, as the present registers show, min, if 
rare and scanty, is not altogether unknown. Ydi'kand is situated in latitude 3S'' 25^ 
north, and longitude 77® 10' east; Kushglidr in latitude 39® 2 1' north, and longitude 
70® 7' cast, the former at an elevation of 4,12-1 feet, the latter at 4,255 feet above mean 
sea level.* 

The character of that part of the plain on whicli Kushglidr and Yiirkaiid arc built, 
is described as follows by Br. Bellew : — 

" This (lowland) division comprises the belt of hill-sicirt Ijnng at the base of the bounding ranges, 
and varies in different localities. It is the most populous part of the country, and is the only jxirtion of 
it which is permanently settled and cultivated. In it arc situated all the cites and towns of the country, 
together with their respective suburban settlements. 


* Tlic nnil loiigituilc! nre tliO'eilctcnnincd by Cnplain Trotter, r., (quoted to tlie nearest inhinte) nnd piven in tb 

rejwrt (Itoport o[ the Mlcdon to Yurbund, 1873, Jip. 305, 310, 332, 333). Tlic oloratioas ndojittd in the text h.nvc Wvu conipntrtl 
from Ur. Scully's observations during tbe nine luontb'i Xovember lS7-t to .bdy 1873, and compared with tho^c recorJid during the 
same poncKl nt the Observatory of Leh in tlic Indus Valley. TIjc elevation of tliis Oh^icnatorj* was detennined by Caiitain Tmttrr 
to be n,r>3S feet, by reference to jwints trigonometrically nicttsurixl by the odicers of the Great Trigonometrical Survey, Tlic 
elevations of Kashghar and Varkaud given in the text arc more than 200 feet in excels of tho«c ohtaineil by Capbdn Trotter, r/r., 
djOlS feet and 3,023 foot, respectively, a dilteroncc which is no douht pirtiy dne to an nctnal diiTcronce in the mean distrihntion of 
pressures in 1873-7-t and 1671-75, but partly also, it is prohahle, to a difference in the treatment of the data. It is not stated in 
Captain Trotter’s report wlint a-nlues wore adopted for the mean temperature of the ntmospheric column, the height of which i* 
computed from the diffcronco of pressures ; niul this is a mattorof great imjKPrtanco, since, in dealing ivith stations so far apart, and 
(litToring so innch in the range of tbe local temperature, no satisfactory result can be expected unless the irregularities ari'-ing from 
the moan diunial \‘ariatien can be oliminatotl- 

itly procedure has heen to dotemunc an approximate mean diurnal value for lioth pressnro and temperature at both statifnis. 
In the case of lYirkand and Kivshgliar, this is given with sufllcicat approximation, in the registers, by tbe mean of the four sets of 
observations recorded daily at 4 and 10 M. and r. ii. To obt.ain corresponding values for Leli, I have, in the case of pressure, 
assumed the mean of the readings at 10 -t. it. and 4 r. ir. as identical with that of the 21 hours ; and, in the cas.' of temp-raturv, I 
have applied to the crude mean of the maximum and minimum reading? and those recorrbd at 10 A- si. and 4 l*. si., a corrt-ction 
ohtaiucsl hy multiplying the mean range by a factor, dctcrmincsl cmpiricaliy from the Varkand regiders in the following manner: — 

Lot Jf fri a and h represent the respective means of the maximum, minimum, 10 h. and 1C h. readings at Vark.and in any 
given month, and T the true mc.an Icinpcrature of that month ; then, — 

- iflf j-w -T 

^ — M-n 


whore 9 is the factor rcqnireil. ’Tliis nmUipUed into the mean range of tcmp;ratan? AT — m' at L*hinthcssmcmf>Mh,gir«th'- 
convvtion to Iv appliixl to the mean of the corresponding readings Af* f»' a' V, at that station, oht.ain the {appr>?xiinatdy) true 
moan. This method, on a principle devised, I Ivliere, by Sir. Fogson, is the K-st inLthcd of apj-roiimalion practicaMr, whiiurt-r it 
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«In its general aspect this division partakes of the characters of the two others, hetnreemvhich it 
f„rn.s iho coBneetog modim.,-o£ the hUb on one side and o£ the desert on the others Near the £orn,e, 

't re-ents an nneven surface, on which are prolonged the subsiding terminal offshoots of spurs from the 
mouSX boundaries, till they merge into the general level of the plain ; whilst, towards the latter, it 
rapidly expands into an undulating plain which insensibly sinks and becomes continuous with the desert. 

‘^The soil eveiywhere is characterized by its aridity and barrenness. Contiguous to the Mils, it 
consists of stony detritus, intermixed with rolled boulders ; further off, it becomes coarse gravel, and 
finally, on the verge of the desert, it assumes the form of pure saud. Ever>-where it is more or less 
hio-hly charged udth salines, which, in the depressions of the undulating surface, form sheets of white 
efflorescence, or spongy encrustations on which flourish a variety of saltw'orts. In many places these 
saliues retain sufficient moisture to form mud bogs and marshes, on which grow coarse reeds and dwarf 
tamarisks. 

But the peculiar features of this tract are the numerous rivers which traverse its surface, to their 
point of ultimate junction with the main stream — the Tdrim River — which is the great drainage channel 
for the whole country. They are the seats of the fixed population and the entire productive industry of 
the country. Their number and names are many, as they issue from the mountains on three sides of the 
basin ; but they all converge, at different points, to form four principal rivers, which are named after 
the settlements founded upon them. They are the Khiltan, Yarkand and Kashghdr and Aksu Rivers ; 
and they aU converge and unite, far out on the desert to the south of Aksd, to form the Tarim .River, 
which afterwards receives as tributaries the Kucha and Kaidu Rivers, and thus completes the drainage of 
the valley. 

“ These streams, in their passage across this tract, mostly flow in wide channels between low banks 
of sand. The larger ones flow upon firm, pebbly bottoms, and the smaller ones in a bed of sand. The 


may be assumed tliat the general form of the diurnal curve of variation is the same at the two stations, however different may he 
its amplitudes. Jsow this is the case at Leh and Yarlcand, exception being made of such difference ns arises from a difference 
of 4 of latitude, but this error cannot be large. The following table gives the data employed in the reduction of the heights;— 
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4,256 

4,493 

4.164 

4.203 

4.237 

4,086 
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7.600 3,973 

7.600 I 3,932 


Thirty sets of observations recorded sim It ~ ~ ~ ^ ~ ~ — 

130 , 131 and 13 i 5 .,.; resnoati—l ^ Yarkand and Kd.hghSr, and dWd«l into three sets of ten each, showed 
. feet. Ka.hghSr is the higher. If then 131 tet), which agrees nearly with Captain -Trotter’s determiaation 

And. ad, hag 131 fee,, that of Kishgiifr i. «a 3 feet (the elerati.n of Ydrkand adopted in tho teat). 
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volume of ilioir streams varies according to the season. Thus, in winter, oven ilic largest of them arc so 
nuicli shrunk, as to ho crossed dry-fooled hy stopping from stone to stone, wliiisl tl»e smaller ones, whicli 
arc mostly bridged, arc at. this season generally fror.en'over. In summer, on the contrary', they arc all so 
much swollen hy the melting snows, that the}* till the whole of their wide channels,* and, as in the cace of 
the Ysirkand Kiver, form a stream nearly a mile broad and only passable by boat. 

None of these rivers is navigable, but tlicy arc otherwise jwofitahly utilized for purposes of irrign. 
lion. Numerous eauals are drawn off from them to the lands on each side, and thus convert considerable 
tracts of what would otherwise he desert waste into fertile and populous settlements. The extent of these 
is at present limited ; but were the means existing fully developed, a much wider area miglit bo settled 
and brought under cultivation. 


•K- * * «. 

" Desert . — This division occ\ipics the whole of the Ktishghur basin beyond the lowland belt skirliiig 
tlio mountains ; and as the two insensibly merge, a line of demarcation is not casil}* recognized. In gciicnil 
aspect it presents a vast undulating plain of sand wbicb slopes gently to the caslwai-d. Its elevation 
is estimated to vary between tl,500 feet at Lob Nor and *1,000 feet on the Yarkand border. Its .sur- 
face is traversed by the four rivers which go to form the Tdrim, and hy that stream itself. '^Tlic hanks 
of these rivers arc fringed by broader or narrower belts of forest, composed mainly of poplar, willow and 
tamarisk, amongst which is an impenetrable growth of tall reeds. In the covert of these thickets lurk 
the tiger, leopard, lynx and wolf, together with the wild pig ; and a species of stag, called boed or lughu 
for the male, and mardt for the female, pastures on their skirts. 

Furllicr out in the desert towards the cast, the high banks and sand dunes, which break the uni- 
formity of its level towards the west and south, either disappear, or greatly diminish in licight ; and then 
the river spreads broadcast over the suiTaec, forming wide lagoons or marshes, belted hy reeds and tama- 
risk brushwood, till the waters again find a defined channel between hanks. And this occurs, at intervals, 
over an extent of some three hundred miles ,* beyond which the river flows in a clear channel, five days’ 
jlourney in length, to the Lake Lob. 

" The greatest portion of this desert tract is an unmitigated waste, m'th a deep coating of loose 
pulverulent salines, on which only the n*ild camel finds a footing. Horses cannot traverse it, onnng to 
their sinking knee-deep in the soft soil ; whilst, to man, the dust raised proves suffocating, and the glare 
from the snow-white salts blinding.” 

One peculiar geological feature of the country may he specially mentioned liere on 
account of its meteorological associations. This is the loess^ ■which forms extensive 
deposits in the valleys on the borders of the mountain zone, and which is thus described 
hy Dr. Stoliezka, the lamented natoalist and geologist who accompanied Air. Forsyth’s 
mission : — 

"iVmong the sandy and clayey deposits I was not a little surprised to find true fofw, as typical 
ns it can anvwhcrc be seen in the valleys of the Rhine or of the Danube. I might even speak of ‘ Berg’ 
and ' Thal-Ldss,’ but I shall not enter into details on this occasion; for I may have a much Iwtter 
opportunity of stud^nug this remarkable deposit. At present I wall only notice that, commonly we meet 
\rilh extensive dejKisits of loess onh* in the valleys- Its thickness varies, in places, from ten to eighty 
and more feet ; a fine yellowish tiusfrafijicd clay, occasionally with calcareous concretions and pbnt frag- 
ments'. In Europe, the origin of this extensive deposit wms, and is up to the present date, a di-puted 
tpiestion. Natundly, if a sreologist is not so fortunate as to travel beyond tbc * Rhine or ' Donau-thnl,’ 
and is accustomed to be surrounded nnth the verdant beauty of these valleys, he might propose half a 
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, ■ .1 1,» Itlv-mciis in Uis experience, dispmve the probability of one alter tho other, nntil 

"bM mM k rrearied of prosecuting the obieet fnrtber. Here in the desert countries, ,vhere 
1 I or fertile dust replace those of beneficial yaponr, where the atmosphere is hardly ever clear 
ti free from sand, nay occasionally saturated with it, the explanation that the W ,> 

*»anV is almost involuntarily pressed upon one's mind. I do not thmk that by tins I am advancing a 
new idea for-nnless I am very much mistnten-it was my fnend Baron S.ohtbofen who came to a 
similar conclusion during his recent sojourn in Southern China. 


The haziness of the atmosphere, owing to the constant presence of fine dust, is a 
most characteristic feature of this region, and has been noticed by several of the tra- 
reUers who have, visited Kashgharia of late years. Thus, Mr. Shaw writesf— 

« I am forcibly struck by the contrast betireen this climate and India. For it is twelve miles 
from Kangra to the range of the outer Himfilaya, and at Kangra they seem to overhang the town. 
Ever}'" gorge and every rock could be counted, one would tbink, so distinctly are the forms visible. But 
here, at a distance of twelve miles, the Pamir mountains appear to he a distant range, of which the 
outline only is distinguishable," 

Dr. Henderson, in like manuer, points a contrast between the atmosphere of 
Kashghdria and that of Laddk in the following terms | 

“ Perhaps the most striking feature of Ladak is the wonderful clearness of the atmosphere. This 
is partly owing to its extreme dryness and rarefaction; hut chiefly to the entire absence of haze. On the 
Yarkand plains, with an atmosphere equally dry, we had a dense haze produced by fine dust floating 
in the air." 


Further on he says§ — 

From the day we entered the Kardkash valley until our return, the air was filled with a dense 
haze, which limited the view so much, that, very often, hills five miles distant were barely visible, and it 
was difficult to get a good idea of the country through which we travelled.'’^ 

And again 11 — 

A haze filled the air the whole time we were in the country, and only at one or two points, viz,, 
between Bora and Sauju, could we get a glimpse of the low hills to the south ; and the higher ranges 
were never visible." 


Dr. Bellew thus refers to the cause of this dust baze”^ — 

“ During the spring and summer months, a north or north-west wind prevails. It blows with con- 
siderable force and persistence for many days consecutively. As it sweeps over the plain, it raises the 

impalp.able dust on its surface and obscures the air by a dense haze resembling in darkness a Novem- 
ber fog." 


™=h’ tvtte “‘y *'■' ‘1.V tocribrf bj B.™ KioMhofa ,o . 

y " . ” COMidrablf ovcMdbs on, thoninna feel, K spreads nllte over bjvb ni,a W 

n,.ob Soulbom Ch'.nn, „ p^dnl o « T ^ 

tioned by Dr. StohcAa in the passage quoted in the test Baron Von Eicbtfr transportation.” As men- 

+ High Tartary. Yarhand Vnd Kashgl-r. page 234 
t Lahore to Yarkand, page G5. 

§ Hid, page 107. 

II Hid, page 133. 

Y Yarkand Report, 1873, page 27. 
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Tluni niv' othtT n’frrrnrf^ tn f!jj= ph^^iinnif'n'^n in ilip 

of llif* rlimnirt pvni in thp nnicbl rf’]»<)rt on Mr. ror^yth’js inif^-iim nf ISTH. Thf‘r*> i'^ 
not, pf'r1in)K, Any irmnnt! for MjrpnV ilint, in .n ronnln' po rljnrndrrivtbAHy tin*, llic 
ftir plnmltlhn {Inip nljnrgprl witli n p*"rpolnnl tliHt.ljn?.''; Inil it b to 1)^ JhAt 

KiUligharia pn^^put*;, hi thi?? rf“>pnt, a n?mnr):nhlp cnntrnst to tbp 3Vj>3nn ilr^crt of 
ICinniin, wliidi is equally nrid nnil rninlc'-s hut ivIoto tlo* ntinr^pben? is po elrnr tbnt» 
as T nm ntsnrfd by my brother Ami Major St. .lohn^ the e‘*t3mnb’<l tlt‘;tancc of obj<'<^t.s 
was frequently found by them to fall sborl of their rt'al distance by more than 
onC'balf. Botb regions arc salt deserts, and it is an inien'-stini: question, whether 
therfi is any difTerenee in the liygroseopic properties of the prcv.nlent p.ilts, iihich will 
tend to fAXplain the contrast. 


I shall now consider ench of the prineipal elements of the meteorology, taking 
them in what may he regarded as their physical order of succession, r/r., Ist, insolation 
and radiation; 2nd, tomperafare; /Inl, pressure; dth, anomometry; otb, hygromefry, 
(douds and rainfall. In speaking of this ns the, physical sncecsHon of the phenomena, 
I do not, of eoursc, desire to be understood that I regard this or any other onlcr that 
may ho named as expressing the exclusive sequence of cause and cITect. Ilut in 
tropical climates, and to a somewhat less extent in that of the region now under con- 
sideration, the sequence thus indicated is a real and important one, and is convenient 
for so marslmlling the facts as to illustrate tlic interdependence of the leading elements 
of the local meteorology, 

IxsoLATioK AXD iiADiATiox. — I)r. BcIlow remarks in bis sketch of (he climate 
of Kdshgbdria in the onicial report of Mr. Porsytlfs mission :• — 

" The ii)toji?)ty of the FUn’s rayi; on Iho plains of Knd>ghtlr is n notable feature of its climate, and a 
phenomenon that rc<]uircs explanation ; bccaupo its cflVcts ujvni the scnsihilily of man arc out of all pro- 
portion more pcrceplihle than on that of mercurj*. Tiie hiehtst tomperature roconied durin" our flay 
in the country, from the Ist Kovcml>er to tlic iJth May, was 140’ F. by a maximum thermometer placed 
in the direct rays of the Fun ; yet the cxhau*:tion produivd in man, by oxjW'oirc to a sun whidi indicated 
conpidenihly less than that degree by the thermometer, I olwra’ed Mas much greater than anything I 
had ever noticed in India. None of our camp-followers could walk a march even in an early pun, and 
our cattle exhibited more distress than is usual in India. The natives of the country, too, arc equally 
prone to its elTccts, and cannot endure toil in the Fun. It was a subject of common remark amongst tis 
that, in all our inareltes, we rarely met .a traveller on foot ; and rarer still, if ever, Faw one carrying a Jo.^d. 
Kvcry-bo^ly in tbc country rides, cither on Itorse, camel, ox or .ass, or lie Iravt-Js by cart. Judging from 
my personal cxi'orience, I am disposed to attribute tins innrdinato action of n by no means tropjeal sun, 
to the O'-unbiuetl ctTecls of a very dry atmosphere, and refraction of caloric, with blinding glare, from an 
.arid Foil of salines and sand." 


Mliatcvcr niny be tlic cause of the physiological effects Tcferrcd to by Dr. Bcllcw, 
it is clear from the registers tbnt, as measured by the diflcrencc of the sun thermo- 
meter in vacuo and the maximum air tcmpcmtiire, the average intensity of insolation 
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on the plains of Kasliglidvia in 1876 was equal, or nearly so, to that of stations in the 
Upper Provinces of India 13 degrees nearer to the equator and in some months higher. 

The ohservations at Kashghdr in the last three months of 1874 show, indeed, a 
considerably lower intensity than those of Bareilly in the same months, a difference 
which may be due either to the greater athermancy of the atmosphere of Kdshghar, as 
compared with Yarkand, or to the season of the year. It seems not improhahle that the 
effect referred to by Ur. Bellew may he mnng to the lower decimation of the sun, which, 
with equal intensity of radiation, will have more effect on the surface of the body, espe- 
cially the spinal region when the rays fall obliquely, than when the sun is vertical over- 
head. This is borne out by my own experience, when engaged in the Geological survey 
of the diy country around Trichinopoly, under the vertical sun of April. In my experience, 
the depressing effect was much greater between 8 and 10 a. m. than during the horn or 
two on either side of noon. The readings of all the sun thermometers on which the 
following comparative table is based have been corrected to one and the same standard 
by exposing them under similar conditions to the sun’s rays. 

Table showing ike comparalive inlensitg of solar radiaiion in KdshgJidria and the Gangeiic Plains, 


Moyrn. 

Kashgiiak 
Yakkand, 18 

AND 

74-75. 

Lucknow, 1874-75. 

Daeeillt, 1874'75. 

Sun. 

Mni, 

air. 

DIff. 

Sun 

Max. 

air. 

Diff. 

Sun. 

Max. 

air. 

Diff. 

Octolier ... ... 

* 101-1 

571 

44-0 

? 



151-1 

90-8 

60-3 

November 

97-4 

47-6 

49-8 

? 



1418' 

82-3 

59-5 

December 

86-3 

40-4 

45-9 

? ■ 



130-4 

73-7 

56-7 

Jnnuaiy ... 

93-3 

32-4 

6oa 

? 



127-0 

71-3 

55-7 

February 

102-9 

? 

P 

138-2 

79-5 

58-7 

133-9 

74-2 

69-7 

Morcb 

121-2 

? 

? 

154-9 

96-8 

58-1 

152-7 

92-4 

60-3 

April 

1 135-9 

80-2 

55-7 

162-3 

105-7 

56-6 

163-1 

103-0 

60-1 

May 

142-7 

84-7 

57-8 

163-9 

105-5 

5S’4 

163-3 

103-8 

59-5 

June 

150-6 

91-8 

58-8 

151-1 

104-4 

46-7 

163-8 

104-7 

69-1 

July 

1 152-4 

96-5 

57-3 

151-2 

97-9 

53-3 

154-1 

96-2 

57-9 


w ,1 tia , uu me xma. d une ; me excess over 

the maximum temperature of the air being 74*6“, which is also the highest in the regis- 

^ “8th July, readings exceeding 160“ were recorded on ten days, and those 
rom 55 to 160 on twenty days. The excess of the temperature of insolation over 

Ith Jn^^^nd^rr days between the 6th April and the 

28th July, and to between 65“ and 70“ on eight days. 

ith the solar, so with terrestrial mu i 

favours the escape of heat in the m..ht ho,..= atmosphere 

to the ground in the day. On the °^era-e of tl ^7°”" 

o he ten months, (October to July,) the 

» Tliirteen days only. + t- . , 

t Twenty-five days only. + t ■ t... j i 

^ I Twcmty-eight days only. 
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kinpcmtiire of tlio tlicrinomcter (exposed on wool nt niglit) marked a temperniure 
G" lower tliau the minimum temperature of the air d< feet above iiie ground. This diiTer- 
enco is nearly one-fourth greater than the average depression of similar instruments (on 
grass) observed at the two stations Lucknow and Bareill}' in Upper India, in the corre- 
sponding months of past years, and the greatest average depression of any one month 
exceeds that of any single month at cither of these stations. This is shown in the fol- 
lowing table : — 




Lrccjror: iTEBitie, 

‘ Itir.rjLtY AVtCitiE. 

1 

KiinniiAK A*rp 
[ Yitcijlp, lS7t-r5. 

1 

LresYow, 1^7 j. 

i’ 

7^^. f* 

f 

WAttruT, 1-Tj 

4 3, 

Mosfit. 


Graf'* 

ra<Ua. 

ilo». 

Mini- 

rniirn 

air. 

D’if- 

f<r‘ 

ence 

Ora’'* 

rsfJIs* 

t 

MlnU 

mum 

ntr. 

Tit- 

ctici'. 

! wi>,>i 
; nulla- 
1 tlon. 

Mini- 

Jijtini 

B(r, 

Mr- 

frr- 

ent'o. 

Orat. 
radfa- 
, tloi). 

1 

JUnS- 
intj rn 
air. 

jy.f. 
Crr- 1 
f n'-f. 

1 ' 

Gra.f 

radii- 

ik'a. 

yUnU 

intitn 

ftir. 

Mr. 

f- 

eTirr. 

October 

* »4 

56’5 

G50 

Go 

j 

C0*3 

' 

Gl-7 

4*4 

i 

» 

2G’2 

.32*1 

50 

1 

i , 

« GO'3 

CM 

i 

i! 

41 

59-1 

G5'G 

Go 

Novoirtber 

■ ■ • 


51-7 

GO 

.lt-2 

61-8 

7*G 

1G*2 

21*7 

5‘5 

i 41*7 

4S-G 

3'0 

1 

*12*^ 

50-3 

8*1 

December 

k » » 

AO-0 

-tC'O 

5-0 

41-8 

45 7 

3*9 

11-0 

1G*1 

4G 

1 qo-o 

1 

43G 

2-9 

i, 

37*9 

419 

70 

January 


4n-.J 


20 

41J 

4M 

2*0 

0-8 

0-S 

90 

1 39*3 

43-2 

.38*8 

45*3 

G*5 

February 

* 9 * 

4G‘l 

ol'2 

o‘l 

; 45-8 

51*1 

5*3 

10-9 

172 

0*3 

i 4C’7 

t 

50*1 

3-.. i; 

5*2 'j 

4.5*8 

50 3 

•I'o 

Jlnrch 

f 1 « 

G2-2 

50-7 

7'5 

61-9 

5S-7 

0*8 

: 31-7 

3G-2 

4*5 

1 5-1*9 

C0*1 

5i*8 

COD 

Cl 

April 

«« 1 

G2'9 

G9G 

G'7 

Gl-0 

G7'8 

C*8 

: 45*0 

50-4 

5*4 

1 

G5-4 

73*3 

7*9 1 

03- 1 

71C 

6*5 

May 

«>• 

72:1 

79-0 

G-7 

73-5 

7G*5 

3*0 

47*9 

1 

51*7 

C-8 

n-i 

1 

770 

Go : 

71-8 

7G-G 

4*8 

Juno 


70'G 

83-'l 

38 

rc-s 

80-7 

3*9 

51*0 

Gl-G 

C-7 

; 78*5 

83*3 

4*8 ;j 

78*3 

Sl'C 

3*3 

July 


7S’7 

SO-1 

1-7 

77-1 

78*5 

1*1 

03*1 

GS-‘l 

5*0 

' 76 9 

80*9 

4*0 ] 

77*3 

70*9 



The greatest depression of temperature by nocturnal radiation was in tbc month of 
January, on the average of which month it amounted to not less than 9'^ below that of 
the air. The greatest on an}^ one day was 15% on the 9th of that month, when the 
exposed thermometer sank to — d'0°. This was not, however, the lowest tempemtiire 
reached. On the 31st January it registered — d*S ; on the SOili — G*5 ; and on tbc 201h, 
the lowest recorded, cf;;., — 7*8. Uor were instances of great depression restricted to the 
month of January. At Kdshghar, indeed, in the three months October to December, 
the radiation thermometer never fell more than 8*2'' below that which marked the maxi- 
mum temperature of the air in the shade. But at Yarkand, in every month subsequent 
to January, greater differences than this occiu'red on at least one or two days ; and except 
in March — (when the difference was least and never exceeded 9* 0° — ) the rcgistci*s shew 
many readings in which the depression of the radiation thermometer amounted to from 
10'=' to 

* 

TEMrERATURE OF AIR. — In rcspcct of the temperature of Kashghdria, Dr. Bellcw 
remarks — 

"Not less notable than this .action of the sun's rays (previously quoted) is the wide ranp:c of the 
atniospbcric teinpernture iu tlic circle of the seasons. July is said to be the hottest month of the year 
by tbe natives. I bave no data wbereby to judge of Us temperature. From the observations recorded 
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by Dr- George Henderson^ during his visit to Yarkand with Air.' Forsyth in 1870, tlie temperature of the 
air on the plain country totvards the close of August may be taken at 79" F. In Alay, according to ray 
ovra observations, the maximum temperature in the shade was recorded at 97" F. on the lOth of the 
month at Ytihsliaraba bazar, two marches to the south of Ya'rkand city. The minimum temperature of 
the air was recorded at 29° F., below zero, on the 19th February, at Tigarmiti near the Siighun Valley, at " 
the foot of the mountains north of Artosh. 

"These may be taken as the extremes of heat and cold in the course of the jmar, hut are no criterion 
for the diurnal alterations, which, as a rule, are very equable; whilst, at the same time, the transition from 
one season to the next is a gradual process, singularly free from the sudden and great variations of tern- 
peraturo that characterize the climate of some parts of the Punjab.^^ 

Tlie official report from Trliich these quotations are extracted gives three detailed 
registers of temperature for the months November 1873 to March 1874, vh., one 
recorded at Ydrkand by the Great Trigonometrical Survey Pundits, one at Kashgbdr 
(beginning in December) by Captain H. Trotter, and one partly at Yarkand and Ydngi 
Hissar, hut chiefly at Kdshghdr by Dr. Bellew. Unfortunately, Dr. BelleTv’s instruments 
were so exposed^' as to suffer an undue loss of heat by radiation, so that .the tempera- 
tm’es shewn by them are several degrees lower than those of the other two series. 
Having corrected the means of the Pandits’ and Captain Ti-otter’s series by range 
factors, computed from Dr. Scully’s hourly and six-hourly observations, I have obtained 
values which I have little doubt are very near the true mean temperatures of the months 
of observation ; and thus we have data for comparing the temperatui’es of five months 
in two successive years, and also those of the two cities of Kashghdr and Yarkand for 
foni’ months of the same year. 


Talle of mean monthly temperatures at Kdshghdr and Tdrkand. 



1873, 

3874. 

1876. 

Beuabes. 

Kash, 

Tar. 

Kosh, 

Tar, 

Tar, 

January ... 

« « « 

• •• 

23-5n 

200 

20-0(') 

(°) Uean of 24 days only. (') Mean 

February,., 

... 

• •• 

32-6 

30'9 

30-9 

of 25 days from 7t£i. 

March 







V‘*i ... 


• •• 

38-6(®) 

381(5) 

60'7 

(5) To 16th only. (!) To 25th only. 


" 

• r. 


... 

64-1 












V«4 


69-4 


June 







• • • 

• ■ • 

... 

««• 

• •• 

75-8 


... 







October 


r«4 



8r7(h 

(') To the 28th only. 

Hovember 

... 

4 ■ • 

44-1(5) 

••• 

... 

(®) Mean of 13 days from 19tb, 

December-. 

• •• 

38-9(S) 

m 



{*^) Mean of 19 days from 12th. 


26-8('0 

21-2 

20-8(5) 



C) From the 12th only. (•) To the 
28th only. 


itfrowtJiosua. ^ iHnstraff) the repoi 


ony shelter. Tlic arrangoinent is represented ns nn 
placed on the north side of the honse which shaded 
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It would appear from ilic above that the temperature of the winter montlis is 
remarkably uniform in consecutive years ; but this may be, of course, fallacious, since the 
jilarcU temperature of Yarlcand was very ditTcreni iii 1871 and 1875. Also, it would 


the same season, Kashghar is warmer than Yarkand, notwithstaudiu" its 
more northerly latitude. Interpolating probable values for the two deficient months of 
the table, and taking the mean of the whole, it results that the mean annual temperature 
of Yarkand is between 52” and 53” ; which, adding 12” for its elevation, is equivalent 
to 01° or G5® at sea-level. 


The absolute range of teinpcrature sliewn by Dr. Scully’s registers, (/.<?., in the year 
1875,) was lOl'’. The greatest cold registered by the shaded minimum thermometer at 
Yarkand, four feet above the ground, (on the 20lh January,) was 2®. The greatest heat 
registered by the shaded maximum thermometer, (on the 11th July,) was 102-9\ Dx’. 
Bellow quotes lower temperatures than the above, — 3° in December 1873, — 1"* in 
January, and— 5® in Debruary 1874 ; but I have already pointed out that Ids temperatures 
were much affected by radiation, aud were not those of the atmosphere. He observes 
tliat the temperature, on the open plain outside was considerably less than those quoted 
by 1dm, and refers to an observation of Captain Trotter’s at Tigarndti,®^' north of Artosb, 
in the night of the 19th and 20tli Pebruary 1874, in which the minimum thermometer 
recorded as low as 20\ This depression, however, appears to have Ixeen partly due to 
radiation. The lowest miuimiun temperature recorded at Ixashgluir, with a shaded ther- 
mometer, by Captain Trotter, in January 1874, was 5*’. This occurred on the 13th, and 
again on the 16th of that month. The range of air temperature recorded by Dr. Scully 
exceeds any shewn by the Indian registers hitherto on record. It is approached most 
nearly at such stations as Sialkot, Rawalpindi and Mooltan ; but it is to be observed 
that the extremo temperatures given in the Punjab reports bitberto published arc cer- 
tainly exaggerated by the effects both of solar and terrestrial radiation, the instruments 
having been exposed on open stands which afforded them insufficient protection. 

On the coldest day, or that of the lowest average temperature, (the ISth January,) 
the mean of the thermometer readings was 17®; on the hottest, (the 11th July,) the 
mean was SS'O®, showing an aminal range of 72®: and the mean temperature of the 
month of January was 20*9®, that of July 81*7% showing an annual range of GO'S® on 
the means of the months. The following table of the mean temperatures of the hottest 
aud coldest months at several places in lutlia aud other parts of Asia wiR show liow 
greatly the annual range at Yarkand exceeds that of places to the south aud west, while 
it is exceeded by that of places to the north and cast. Also how, on proceeding from 
the more tropical part of Asia northward, the period of maximum annual temperature is 
gradually retarded ; this last depends partly on the distribution of the summer rains. 


» Tugli'Annftt:, nortli o£ Artysli, cf Giptain Troltcr’s Roi«rt. 
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mu showing the variation of the annual range of mean monthly fempcrainre in different parts of Ask. 


Piaj-f. 

Tears. 

Cei-Msi 

TVabitesi 

Annual ranpje 
of montliiy 
means. 

Month. 

Temp, 

Month. 

Temp. 

Gallo 

6 

Jamaary,., 

78-2 

Ain-il ... 

82-1 

3-9 

Bombnj 

18 

f, 

73-7 

May ... 

85'5 

11-8 

Calcutta 

1 

» *** 

GS'5 

it •* 

8o-9 

17-4 

Kagpur 

6 

December 

67-8 

fi ••• 

93-3 

25'5 

Benares 

7 

Jannaiy.,. 

C30 

ft •»* 

92*6 

. 

29-6 

Eoorkee ... 

7 


5G-5 

June ... 

OO'O 

33-0 

Lalioro 

7-8 

5% • • » 

630 

ii *•* 

04-4 

40-5 

Karralpindi 

8 

ft •«. 

60-7 

}) • 

93-3 

42G 

Loll 

2 

ft ••• 

20-S 

July ... 

• 62-7 

41-9 

Tiflis 

10 

ff 

32-2 

August ... 

75'8 

436 

Yarltand 

2-1 

tr 

20-9 

July ... 

81-7 

GO-8 

Barnaul 

IG 

ft ••• 

— 4-7 

)) »*• 

G7'l 

71-8 

Nertscliinsk 

11 

fi ••• 

— 21-3 

if 

64-0 

85-3 


This subject of the annual range of temperature, and the geographical distribution of its 
variations, has already been treated of very comprehensively by Mr. Keith Johnson, 
junior, in a paper published in the 6th volume of the Proceedings of the Koyal 
Society of Edinburgh. If, however, the range of Tdrkand in 1875 did not greatly exceed 
the averap, (which there seems no reason to assume,) that part of Mr. Keith Johnson’s 
chart which refers to Ceutral Asia will req^uire to he modified, and the line of 60" 

annual range must he brought down several degrees to the southward, to about the 
margin of the Kuen Lun. 


The passa^^e has been quoted, in which Br, Bcllew remarks that the change from 
fbirr n "“f ''' Kdshgharia takes place very gradually, and '' without any of 
nai'ts of fLn xm-iatious of temperature that characterized the climate of some 

appears also from fci* ' • f changes of temperature are infrequent. 

But this is also the csso in^ndfa MTilTeXiraU '’““f 
rapid alternation of polar and equatorial rrind ' 

Kdshgharia is .cU protceted. in virtue ‘of its 

tado of the annual range, depLTirf n-eaT” 

the atmosphere t the rapid!, y with Xh Ctt ICoTT <liathermancy of 

hotverer. whether owing to the prevalent dust haze or 

’ ther cause, the mean diurnal 
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range of temperature, though higli and uniform at difforent seasons, is not greater 
than at many idaccs in Upper India, and is even surpassed at certain of them. On 
the average of the avholc period of observation comprised in Ur. vScidly’s registers, it 
amounted to 2G G'’. The least average range was in January, when it was 22^ only ; 
the greatest in June, wlien it was 30*2°. The greatest range on any one day was 4-7", 
viz.y at Kasligliiir on the 21st October 1874. It was only O’G less on the ISth :May 1875 ; 
and days occiuTcd in most months, on which the range amounted to 40" and upwards. 
These ranges are surpassed at certain of the Punjab stations,* and even at Benares. 

Bakometiuc mEssunE. — Bcfercnce has already been made to the mean pressure of 
the atmosphere at Yilrkand as a datum for determining its elevation ; which determin- 
ation assumes that, on the mean of the wliolc period of observation, the pressure is the 
same as at the reference station, Lch, when the latter is reduced to the horizontal plane 
passing through Tiirkand, 'Whether this he so or not, and to what extent the assump- 
tion is erroneous, cannot, of course, he ascertamed at present. The volumes of the Annalcs 
dc rOhservatoire Physique Central for 1874 and 1875 have not yet reached me ; hut 
when received, they vsill afford in the registers of Tasclikend, and perhaps of other places, 
data which will he valuable for verifying and correcting the present result. Till this 
shall be feasible, all that can ho done in the way of comparison of this meteorological 
element at Yarkand, with its value at other places, will be to show the relative magni- 
tude of its oscillations, and the seasous, &c., at which these occur; it is not possible, at 
present, to ascertain with any accuracy the distribution of prcssm'cs in this part of Central 
Asia, in the last two years, as referred to sea-level. 


Some general conclusions on this head may, however, he drawn from the barometric 
charts of Messrs. Bvichanf and Bikatcheff,|: which shew that Yarkand probably has a 
mean sea-level pressure of about 30'2 in January, and 29'45 in July. But M. Bikat- 
cheff’s charts also point to, and Uv. Scully’s and Captain Trotter’s registers confirm the 
inference, that the highest pressure occurs not in January, as is generally the ease on 
the plains of Upper India, but in November — apparently in the latter part of the 
month — as is also the case at Leh and such hill stations as Simla and Darjeeling on tlic 
Himalaya, at elevations of about 7,000 feet; hut whereas these stations show a secondary 
maximum in the spring months, nothing of the kind is perceptible at Yarkand. 


In the following Table I give the mean pressure at Yarkand for several months of 
1873 — 75 ^ fi‘om Captain Trotter’s and Ur. Scully’s ohservarions. The former, recorded 
at the hours 9, 13, 15, IS and 21h, have been reduced to a true mean by factors deduced 
from Ur. Scully’s hourly and six-hourly observations. The means for October, Novem- 


• I Jo not nv.Ao tliU Siiaiv'mout outlio authority of the puhlMK-vl report'!, sin eo, up to the tuhWle of 1575, tho apjarvut rar.crc of 
tiMulvraturc at the Punjah stations u-as uiuoli nffi'ctctl hy free c^i'O'Urc of the h'.^truir.List-s. 

t Triuisaclinu-!, Iloviil Sooicty of minhiirch, Voh XXV, p. 575. 

J La ili-'rihutioTi <3o la Prot-^ioa Atuiosiihcriipjo la l.U'ric »rEurop.\ llcrort. fur Met., vo'uu’e IV, Xo. G. 
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ber and December 1874 are reduced from the registers kept at Kashgbar, by applying 
a correction for the difference of elevation. Both Captain Trotter’s and Dr, Scull/s 
registers sbo\r that tbe changes of pressure are so uniform at the tiyo places, that this 
proceeding is allowable. 


Talk of mean monlUy presmres at Yarkand. 


Mosms. 

1673, 

1874. 

1875, 

Remases. 

January ,,, 

... 

26 -orr 

(1) 26-120 

(1) 25 days from Gth. 

Pebrnaiy ... 


25-957 

25-992 


Marcli ... 


(2) -841 

■912 

(2) 25 days to 2oth. 

April 


•t* 

•891 


May 

... 

4 •• 

•844 


June 


... 

•738 


July 


... 

(3) -615 

(3) 23 days to 2Sth. 

October 

... 

(4) 28-138 


(4) 13 days from lOtb. 

Kovember.,, 

(5} 26T30 

*229 

t.4 

(6) 19 days from 12tb. 

December ... 

•056 

(6) -126 

• •I 

(6) 28 days to 2Stb. 


Broin this it would appear that, throughout the winter of 1874-75, the pressure was 
much higher than in that of 1873-74 ; a difference which I cannot trace either to the 
instillments nsed, or to any difference in their elevation. If we may assume that the 
piessuie at laikand on the 25th November was proportionately, as high as at Kashghar, 
e range of pressure at Tdrkand during the eight months of observation, (which in- 

c m e he months of highest and lowest pressure in the year,) amounted to 1*372 inch. 

nrTi . ^ mentioned, a pressure of 26*573 u'as recorded at Kashghar at 10 A.M., 
Tdrkand o P^’evailmg, is equivalent to 20*710 at the elevation of 

andthemeanpreLu'esoUhe!e7'^^^^^^ ^ ^‘'^^’O^eter registered 25*338, 

On the means of fi 7^ (I’ediieed as before,) were 26*694 and 26*405. 

^-kandTwasVLt w^^^^^^^^^ (when reduced to tbe level of 

hill stations; and to’ some extenT I ^^^eeds tbe range at Leb and tbe Himalayan 

plains of Upper India near tbe foo/oTfl. Boorkee, and some places on tbe 

h un]ab stations and those sihiif i i ^ Himalaya, but is exceeded by that of tbe 
probability m excess* It is, however, in 

sea-level, in any part of India. ^ ^ Pressure, at an equal elevation above 


TliO 1 

rate ampUtade, as tlie most part of mo< 

latitude ; aud are not very greatly in 0^?“' tHe aa, 

of ttoso stewn by tbe Punjab register. ; 1 
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oo 


(licv pi’cscni. one or Iwo remarlcnl)lc foatnres dofserving of furtlicr study. The nniplitudcs 
of the variations of pressure in each month arc shcmi by the following Tabic; — 


Ittiilc shtf'ivff the amplitude of the baromelric vou^pcrhdtc o-sclthfioH in each month at Yarkand and 

Kthhphur. 





isn. 





ISTt. 


! 

t 





niifhcM. 

liiy. 

lAWf'lt. 

Dv. 

flan pc. 


I>1.T. 

I.Otrct, 

ViT. 

Itinpe, llielit*! 

Vst. 

i 

Par. 


.Tnminry 


a « • 

•aa 

... 

a a « 

2G-327 

17th 

25 SG2 

21st 

••105 •2G-112 

27th 

25-721 

7th 

O-GSS 

Ffliriiary 

**• 

» » * 

a a • 


•«a 

•172 

lOth 

•G77 

sth 

-•105 -200 

2Sili 

•701 

]7lh 

•505 

Mfircli ... 


**• 

•a* 

a • ■ 

... 

•217 

IGth 

*512 

2nd 

'705 ' -370 

ifii 

•CCS 

I2th 

•70S 

Ai'ri! «. 

»** 

**• 

*»« 

• • 

• a • 

... 

4 a * 

»aa 


... 1 -inn 

1 

2Slh 

•C25 

iFt 

•5M 

3I:iy ... 

••• 


* aa 


•a* 


*«« 

a • • 

« •« 

... 1 -ISO 

nth 

*500 

30th 

•500 

Jmio 

* « f 

a a « 

a** 

•va 

44* 

**4 

... 



... ; -020 

2nd 

•512 

23 td 

•511 

.Tuly 


« a « 

•a* 


«4a 

• « a 


... 

*a. 

... 23'SIO 

Sth 

•33S 

12th 

•503 

Novctulicr 

2G'-lo2 

2SUi 

2o-8S2 

23lb 

•570 

2Go73 

2otU 

25-G13 

2^1 

0030 ... 

• » • 

... 

• a« 

■ « * 

December 

•322 

8tb 

•702 

23r(l 

•G20 

•300 

21tli 

•77b 

12th 

0-521' ... 

1 

*«a 

m*4 

a* 4 



The greatest irregular or non-periodic oscUhatioii of pressure, registered during these 
portions of two years, was tliat between tlie 21st and 25th Kovember ISVd, when the 
rise amoxmtcd to nearly an inch. The subscciucnt fall was less, amounting to only *550 
up to tlio 29lli ; after which minor oscillations followed. It may be only a fortuitous 
coincidence, but it is certainly noteworthy, that an oscillation similar in character, though 
of less amplitude, took place in the iircvioiis year, only four days later in the same month, 
viz.) from the 25ih to the 2Sth, the pressure then declining to the 30lh. On referring 
to thc'rcgistcrs of Kovember 1S73 and ISVd for the west of Eiu'opc, I find that the crest 
of Svliat was formerly spoken of as the great isovember wave, passed the British Isles on 
the IGlli and 17th Kovemher in 1873, and on the Sth in 1874.', thus leaving an interval 
of only 11 days in the former, but of 17 in the latter year between the dates of maxi- 
mum pressure in England and at Tiirkaud. This coincidence, notwithstanding tlie differ- 
ence of llic interval, is at least striking, and suggests that there may be some kind of 
connection between the two pbcnoinena : and that there is a certain connection is not 
improbable. But the admirable charts of Captain lloffmcycr for 1871 clearly negative 
ibo idea winch at first suggested itself, etc., that a wave of air passed from "West to 
East across Europe and Central Asia. They show that, from the 1st to the 10th of the 
month, an oast and west axis of high pressure lay across Southern Bussia and Centml 
Europe, and even further wcstwaixl, across a great part of the Atlantic, while the north 
Atlantic was an area of low pressure ; that from the lOth this depression extended soiitli- 
wards, invading Europe, and dividing the original axis of high pressure into two inde- 
pendent maxima, one of which extended over the East Atlantic, the other receding 
towards Siberia. In tins latter region, the pressure rose remarkably from the ISth to 
the 21st, while the trough of low pressure which occupied Central and Southern Europe 
extended eastwards beyond the Caspian, (at the limit of tlie chart,) bounded on the south 
bv another area of high pressure in Armenia and Persia. Easily, fi'ora the 21st to the 
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T Tv-ire of prcssui'e advanced from Siberia over Europe, and this advance was 
cotciden; Mitb tbe%en.arkable rise in Yarkand. 

Althou-li, then, Captain Hoffmeyer’s charts do not extend sufficiently far eastward 
to allow of "an absolute identification of the barometric oscillations of Yarkand with 
those of Eastern Europe and Western Asia, the facts above stated seem to indicate that, 
the meteorological vicissitudes of Central Asia, south of the Tliian Shan, are probably 
much affected by those of the regions beyond that range and the Pamir. The Kuen 
Lun and Karakoram present, however, a more impassible harrier. Leh is hut 4P of 
latitude to the south of Yarkand. But the barometric oscillation of nearly an inch in 
November 1874 at the latter place is not distinctly identifiable in the Leh register, and, 
if represented at all, is so only by a rise of a little more than O'l between the 24th 
and 25th, and a continuance of the high pressure for the two clays succeeding ; and the 
smaller oscillation of more than half an inch, between the 25th and 28th November of 
the previous year, is absolutely untraceable in the Leh curve of pressure.^ 

This comparative independence of the barometric oscillations north and south of 
the Kuen Lim is well illustrated by Captain Trotter’s projection of the barometric curves 
for Kashghar, Yarkand, Leh and I)ehra, during the fom'montlis December 1873 to March 
1874.t But this iudependence is by no means absolute. Many oscillations at Yar- 
kand, of much smaller amplitude than those referred to above, are reproduced in the 
Leh curves ; and generally (it is to he ohseiwed) one or two days later than at Y’arkand. 
Perhaps these apparently conflicting facts may he reconciled by the inference that 
the cases of great exaltation of pressure, of wliich the November waves above cited are 
examples, are strictly phenomena of the lower atmosphere, and are therefore unfelt 
at elevations of 16,000 to 17,000 feet above the land surface of Kashgharia, which eleva- 
tion may he taken as the average of the Mustagh range above Yarkand. 

In both years, the November rise of pressure was accompanied by a considerable fall 
of temperatm'e. In 1873, the mean day temperature (the mean of five observations at 
three hourly intervals, from 9 A. m. to 9 p. m.) of the 25th was 43*1 ; that of the 29th was 
29'2. Up to the former date, the temperature had been very uniform from the beginning 
of the register on the 12th of the month; and for a fortnight at least after the latter date, 
a similar uniformity of low temperature prevailed, never exceeding an average of 33 *4, nor 
falling below one of 2S-. This is shewn in the following table of day temperatures 


I Beioss tue rjiiK . | 

Ami iBE ntt. 

1 Dale, 

Terofctitw, 

Date, 

Yemperature. 

Date. 

1 

Temperature, 

Bate. 

Temperature 

12th 

13 th 
IJth 
15th 
lf.th 
17th 
ISth 
10th 

43 9 
41-2 
41-2 

43 7 
440 
4'>7 
43-2 
43 4 

20th 

21 St 

22nd 

23rd 

24 th 
25th 

43-5 

43-5 

46-3 

45- 4 

46- 9 
431 

29th 
30lh 
Dec. Ist 

j, 2nd 

>» Srd 
» 4th 
i » 6th 

1 » 6th 

29- 2 

30- 4 

29 6 
30-8 
314 
30'2 
29-6 
29-5 

7th 

8th 

9th 

10th 

11th 

12th 

13th 

14th 

31-2 

33-4 

31- 7 
281 

30 6 

32- 2 
29-5 
230 


* Puujal, Meteorological Heport for 18?3. 
t larkand IJcport, page ogo 
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Tlic nmcli greater rise of pressure iu Koremlier 1S74 ^ras accompanied by lempcra- 
tm’e phenomena of precisely the same character. Por twelve days, up to the 21st, the 
icniperatiiro had been remarkably uniform, the mean never falling below SS*" nor 
rising to 30". On the 21st it suddenly rose to 44*5" and then fell to 29*7" on the follow- 
ing day, and gradually to IS’G" on the 26th. After the 27th it rose gradually, but did 
not attain to its former height. 

In 1874 tbc rise of pressure was preceded, three or four days, by a change of wind from 
west to north-east and east, and the wind remained in the latter quarter during the cold 
days that followed. In 1873, however, no striking change of wind direction is shewn 
in the registers. Other accompaniments of the change in 1874 were, a thick haze (pos- 
sibly a dust haze) obscuring the sky, and a fall in the absolute hut a rise in the relative 
humidity of the air, which lasted till the middle of the following month. There was 
also a marked fall in the differential temperature of the solar radiation, which was 
probably due to the thick liaze. The temperature of ground radiation also fell, hut not 
in an appreciably greater measure than that of the air. 

The registers disclose some other cases of marked oscillatious of pressure, generally 
accompanied by a change of tempemture, which extends over several days. One of 
these took place almost immediately after the arrival of the Mission at j[£ashghar,’when 
the barometer fell through about 0‘3 inch in two days, and during the six days following 
rose through 0*7 inch. The rise was accompanied by a fall of temperature of about 
on the mean of the day. Again, at the end of Eebruary, a rise of 0*6 inch took place 
in two days, followed by a fall of somewhat greater amount on the first four days of 
March. This was accompanied by a fall of 3" of temperature, followed by a rise of 
7‘5" on the mean of the day, 

Axemometrt. — Dr. Bellew sums up the anemometric features of Kashghar, at 
different seasons, in the following extracts, and gives the number of windy days iu each 
month. These I reproduce below in a tabular form. 


“The winter or cish extends over December, January and February. It is a still cold season, with 
.1 more or less constantl}- overcast sky, and an atmosphere rarely disturbed by winds.'^^ " The spring or 
arfa~tfdc gradually emerges from winter, and towards its close suddenly lapses into summer. It extends 
o\cr ^larch, April and Jlay ^ Vegetation shows no signs of activity till the middle of this 

month, when the willow, by several days* precedence, begins to unfold its leaf buds and wave in the 
breezes, 's\hich now dis])el the clouds of winter, and make way for the haze, which, gradually during 
the next month, takes possession of the air, and by the end o£ the season completely obscures the hills 
and distant prospect around.** “The summer or y&z extends over the months of June, July and 
' . V hirlwinds and circular currents now and again career across tlie plain in fitful 
eddies, but there are no rain-storms, though dust and sand-storms with thunder and elcctric.il disturbance 
do oceasionall} occur. They clear the atmosphere, and are succeeded by a brief lull, and occasionally by 
a slight rain shower, before the sun resumes its power, much as in Xortbern India. ^^The autumn, or 


_ . - -je sun resumes Us power, much as in jN'orthern inuia. zut-* 

A-tfr, like the winter, is a more or less still season, ushered in with north-western breezes, which disperse 
the summer haze, and correct the aridity of the air by the diffusion of cloud moisture, till gnidually the 

sky becomes overciist as winter - 


* w 
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SO 


The table of Mindy days during the seTen months of Dr, Belief’s residence in 
the country is as folloMS : — 


Mosths. 

Days of wind. 

Total. 

November 

3 N. W. 

3 

December 

2 W., 2 E. 

4 

. 

January 

1 N., 1 E. 

2 

Fcbriiarj 

2 N. E.. 2 N. 

4 

jilarcb 

20 N. W., 6 S. E. 

26 

April ... 

22N.W.,2S.W. 

24 


16 K. w„es.E. 

22 


Dr. Belleir was unprovided -with an anemometer, and he does not define what he reehons 
as a day of Mind. Dr. Scully’s registers show much less difference at the different 
seasons than would he inferred from the ahoTe table. 

On the subject of the winds, Dr. Henderson remarks.* — “ The winds in Thibet and 
Tdrkand (referring apparently to the mountain region,) always blow up the valleys 
during the day, and down the valleys during the niglit,” and with reference to the course 
of the higher currents— “ When clouds were seen, they were always moving in a 
direction from south-west to north-east nearly.” 

The chief characteristics of the winds as regards velocity and direction shewn 
by Dr. Scully s registers, are exhibited in a condensed form in the two following’’' tallies, 
one of which gives the percentage of the observed winds under each of the eight 
principal points, and the other the number of days on which the movement was under 
20, 50, and 100 miles, &c., respectively. 


Talk shomnff ihe percentage of tojiifh from each compass point in each month at Kdshghdr and Tdrhand. 


UOSIHS. 

N. 

October 

4 

November 

' •** 

6 

December 

41 

January ^ 

11 

February 

8 

Alarcb 

12 


11 


6 


11 

^rily 

26 

Mean 

14 


K. E. 


21 

21 

20 

11 

10 

7 

*«« 

5 

4 

10 


E. 

S.E. 

s. 

S. TV. 

w. 

N. w. 

31 

**■ 


4 

38 

19 

21 

2 

• 4« 


37 

13 

13 

1 

... 

1 

8 

15 

19 

12 

2 

5 

15 

16 

13 

18 

4 

2 

27 

17 

3 

2L 

G 

6 

19 

23 

6 

13 

8 

5 

15 

35 

4 

17 

6 

1 

19 

47 


14 

11 

1 

22 

3G 

2 

? 

6 

•*« 

10 

46 

11 

11 

4 

2 

21 

27 


From LnLoretoKdsl>sW.p.ge357. 
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i 

1 
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1 

t 
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2 
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} 
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i 

?!»y 

• r 

4 

i 

r> 

t 

1 
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1 
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1 

1 

i 

H 
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1 

t 
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1 

1 

1 
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i 

Totii. 


IM 

i 

i 


1 

5 


- 


t 
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TliO prevalent ^vind direeliouf: arc there from hcltvccn north and nc^t ; except tn the 
winter months, when, and especially in I)cceml>cr, cast and north-enM ninds preiloininnte. 
Messi-s. Jhichan’s^ and IVojeiholT'st charts show that these directions arc such ns might 
have hern anticipated from the conditions of pressure in Central Asia. The arm of 
lowest pressure, in duly, in Central Asia, is shewn to extend to the north-east of Ydrknnd 
in lluchan’s, to the cast in ‘\Vojeikofi'’s chart ; while, in both charts for December, 
Vdrknnd is shown to occupy a positiono u the base of a vast triangular area of high 
pressure, the centre of which is in the neighbourhood of Italic Baikal, lienee, the 
winds, apart from merely local influences, would tend to he north-westerly in duly, 
and indeed more or less through tlic summer ; and from cast or north-east in the winter 
months. 

In a country so shut in by mountains, and where the winds arc so light, and inflncnre{l 
by local conditions, it may be doubted whether the thermal and hygromctric charac- 
teristics of the winds throw much light on the general movements of the atmosphere. 
I have, however, investigated these characteristics in the ease of the winds of 
Yarkand bv treating the data for the seven months, Jnnuan* to Julv, in the follow- 
ing manner. The temperature, corresponding to each observation of a particular wind- 
direction, was taken as a diftercnce above or below the mean temperature of the 
hour of observation for that month; and these dificrcnccs for the same months being 
labulat(‘d under tbo IG compass points recorded, the sums of the dilTorenee^ were afler- 
wanls reduced to S compass points, and then divided by tbo number of obsen’ntion^. 


* Tn;-* Sv. XXV. j-L 2Str.l 0;*, 

t rft.TTTjirai nil. n. i. * 
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Tlic TapoHT tensions were treated in tlie same way and the results are given in tho 
following Table ; — 

Tahle tkewing ihe differential iemperaiure and vaj)Our tension of the wind from each quarter at 

Yarkand. 


Wi!fn. 

TznrEaimi BiWEHEsrois. 

VaPOUE-TEHBIO.'T DIFFEKElTCtS, 

Snins. 

O 

Observa- 

tions* 

Sams. 

Q 

ObBcrva- 

tione* 

Means. 

O 

Sums 

loch. 

Obscrva * 
tioiis. 

Sams 

inch. 

OMerva- 

tiODS. 

Sleaua 

lucb. 

N. 


4.1 

— 25--1 

20 

-17-5 

49-6 

— 0-35 

—•161 

20 

—•673 

49-5 

-■oil 

N. N. E. 

«•* 

» 4 • 

— IQ'G 

IG 




—■556 

16 




N,E. 

... 

*44 

+23*2 

16 

+29-4 

31 

+0-95 

—•079 

14 

—•391 

30 

— •013 

E. N. E. 


• «k 

+320 

IG 




—■069 

16 




E, 

« ■! 

««• 

+15-5 

8 

+72-1 

26 

+2-77 

—•167 

8 

—•212 

26 

—•003 

E. S. E. 

» • • 


+81-2 

20 




—•041 

20 




S. E. 

« *1 

... 

+35-7 

41 

+72-8 

GO 

+1-21 

+‘395 

41 

+'651 

60 

+•011 

S. S. E. 

a i 1 

•«« 

—7-0 

18 




+•552 

18 




S. 


• 44 

— 18'2 

13 

— 11-5 

25 

— 0‘4G 

—•087 

13 

+•092 

25 

+•004 

S. S. W. 


• «« 

+20-5 

6 




—•194 

C 




S. W, 


•• 

—31-9 

6 

—11-6 

11-6 

— 1-00 

+■035 

6 

-r-OOl 

11-5 

0 

W. S. W. 

44 4 

• t • 

+20-3 

6 




+•226 

5 




W, 

4*1 

• 4 « 

-42-2 

49 

— 89'3 

77-5 

— 1T4 

+•260 

49 

+•078 

77'o 

+'001 

W. N. W. 

t 14 

... 

— 7+1 

62 




—•491 

52 




N. W. 

• It 

... 

—28 3 

82 

-47-6 

129'5 

— 0'37 

+•421 

82 

+•042 

129-0 

0 

N. N. W. 

» • • 


-i'33‘4 

48 




—•268 

43 





Thoro can be Httla doubt that the small Tariations uf temperature and vapour, 
tension shewn by this table are due to pm-ely local conditions. The highest temperature 

of'tbo ^ r'""’" fo™ 

directions l^^ndTarCd T^e^^T^■^'’' the plain in different 

Terr smaU- and of rapour-tension with different winds are 

cultivated tiact cstendinrdon “tte'Zt'of 

quite in aooordanco with the fact Hint explanations are 

P'- is so low. that any chmledl ^oTa 

possessod must soon give way to purely local inflnenr 

'Hih Tnpour.tchMOn oLcemtion of 16 h ti- 

mitti^ttitbsosinalUiiomWof oL?ervatIaii3,ma tlio wind thing BO muoU from tho others to be aJ- 












f>r a>.t> 


V.t 


Tliir tlinmnl vnrjntion of t!}'^ ivin?|, 
rf^fiktrrs for oortnin niontls^ wiU lii 
hourh' ob<-orvniion'j. 

9 


‘.vhioh vf-n* ta 

tn*Mo4 of in <vinn«''C?ion vtjjli 


t,f i^ 

tj/ f ^ 


i'’ 


TlyniiOHiimv, CLorni and KAl^*rAU..'— Tlii^ noiv^*-<nriU* fumblto^ h i* r, 

fiubonlinntc cliapior in llm nirtoornlojty of n country micU ns ICiKbi^anr. Xcyfr*h«‘ie‘'S, 
it is not witiioiit ^orno fcntures of f>c<:nltar inkTf;'!t. Tijc nls'olut*^ humtility of th»' n;r 



January, liiqlinst in July; anJ tbc rant^o, on the means of the months, is 0*n7 ira'h. 
The Inn cst tensions coinpuiwl from <Hrert ohserrations of the psych roniotor ncre 'fi:U>, {on 
tlic 2ri(l and filh IVhrnan*,) nntl *010 (on the 20th, oOth and HUi .Janinry), The 
lower tensions *001 nnd '•0n2 inch were computed from the tomj>emtnriM of th»' j^eSf* 
rcgistorinir minimum thermometers, correspomliiv^ to 0 J7 crs. of water-vapour to the 
cubic foot of air. Tim hii^lmst vapour-ten«ion ol)«crved was 0'70o, cm the afeernoon of 
tlic IHih July; wliicii, at the tempcniturc then prevailing, indicates the pn^senee of 
S'OI grs, of vapour in tlm culiic foot of air. 


Tim relative humidity of the atmosphere was highest in December (at Knshgliar), 
when it amounted, on an average, to SI per cent, of saturation. It diminished rapidly 
fill April and May, in which months it averaged only 20 and 31 per cent., and tho 
readings of the drv and wet hulh thermometers on so vend dav.s indicated onlv 9 ikt 
cent, of satnmtion. In June it increased to 31 percent.; and in July, notwithsianding 
flic liigh prevailing tempeniturcs, it rose to 47 percent, on the average of the month, 
and on two days to 01 per cent, of saturation. 

This rise in the relative humidity of the atmosphere of lutshgharin the months 
of June and July is n very striking fact ; and at a first glance seems to .suggest an influx 
of the Indian monsoon across the southern mountain harrier of the country. But on 
consideration, it appears to me that the dinicuUics which ojiposc themselves to this view 
are not to ho overcome; and that, more probably, the accession of vapour indicated by 
the registers is mainly of local origin. 

It is true flint, as far ns observations have been made on the upper wind currents, 
ahoYo tho llimdlayn, they arc from the south-west ; not only in the summer monsoon, 
Init at all seasons of the vear. But were such a current to descend from the heights 
of the Jfiistagli on fhc plains of Yarkand, instead of being a comparatively damp wind, 
it would, in nil probability, have the parching characters of the Alpine I'uhn, ^tore- 
over, the prevailing direction of the wind in July is inconsistent with this supposition. 
The table on page 5G shews that, in that month, the winds arc characteristically north- 
west, a direction quite irreconcilablo with that of a current descending from the Hima- 
laya. But, north-west from YurknucUics the cultivated tract of country which is under 
constant irrigiition from April to October; and which, at that season, mu^t furnish a l,irgc 
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amoimt of eTaporation. In support of the view that this is the source of the 
I give the folio iring data for the hygrometric wind-rose of June and July ; 


vapour, 


!rul)[e shwiiig ih differential raj)our~tensiait and relative hmidiiy of (he mml/rom each quarter at 

Yarkand in June and July, 



therefore not calculated to illustrate the n ^ i 3S 

humidity of June and July orer other m determine the preponderant 

irithout importance, viz., the great variatiT^f'i 

on small Tariations in the direction of the wind vapour-tension consequent 


north-north-west. Th^e, the^eLr^nffn o v^est-north-west, north-west or 

west winds are on the ayera<>e 3 per cent ’ ^ averages for comparison, Now north- 

north-west 0 - 8 , and north-north-west 4 3 

pel cent, above the average ; facts which inV^^ ' elow it. West winds, again, are 3*6 

local South-sonth-east and south-east winds of the vapour is very 

the latter, sweep over the hi diet alfal " i 

. tract, and also, like them, have a humidity above 



nr VAUKAvn 


rn 1 

tlip fivcm;rc; \\'bt1<r xriruh from ticiirmi north find rrhu^h 

Iho de5i'‘rt, nrc! ^xtru'mcly mrf: in Juno mid July, It tiion, inor*- ^c^dcJd'-thnt \h^ 

incri’fi'^nl humidity nf June and July U oivin^ to tim incn\'i^od hvTitrYnj' tmTion, r.nj the 
prevfih'nce of Yviuds frmn f[unrt('r*i where the chief cvrip^mtin:: f.urffi>’o th^n 

that it tifTonh nny cvidciitt; of tltc inHaentM’ of the ludinii moi^^ootu 

The r{'i;i)^tors Fccm to f'hcw tlint cloud*; nre more |wvfdptit tlinn mitdd hfivo been 
nnticipritcd in m dry n country; hut th?*; K pmhnhly, in n nu'n^ure, to 1 k' cxjdnincd 
tiy t!ic‘ pmetice of cntcrini:, n*; n comjdctcly ovcrcfi'^t nky, (cloud rtr]0j in Yvhirh 

tlin fJcv was obscured by the dii*;l bnze. Such, nt Icavt, 1 jijd^e to b*' tbc ca'^c from the 
registers, Yvltcreiti 30 is cutert'd in the cloud eohunn rr]M‘fited{y, Yvjtliout the initbl o 
(overcast), but Yvitb tn or m m (bazy) in the columns for the 31cnufort*s initials. 3f all fuels 
cases be struck osit, the mean cloudiness of the sky will be veiy imseb reduced in np* 
peamnee, esiK’cinlly in tbo month of April; nnd 3'ebrnniy and ^ran?b will be those 
which display the greatest prevalence of cloud. In both these months the sky was 
frequently entered as overcast, 

Tails of snow arc not recorded in Dr. Scully’s register, Dain of measumblc quan. 
titv was recorded on twodavs in March, one dav in Mnv, one in June and four in Julv: 
the total quantity amounting to 0 Tj 2 inch. 

Co’CiiUsiON. — Tlic goncnil conclusion to be drawn from tbo above di'^enssion is that, 
in a meteorological point of view, Kilshgharm is in a great measure indejicndcnt of tlic 
intlucnco of the .surrounding continent ; but that it is more nearly related to the system 
of Kortlicrn Asia than to that of the Indian monsoon region. M’itli the latter, indeed, ib 
conned ion is of tlie verv sliglic.st ebameter; and mnv bo said to be restricted to a certain 
probable interchange of air currents in the upper half of (he atmosphere. Such a result 
might have hcen anticipated from n consideration of its geographical features ; nnd it 
confirms the conclusion independently arrivctl at from a study of the meteorological 
phenomena of India.* 

In the valuahle Iwromolric charts originally drawn np by Tifr. Alex.nnder Ihieban, 
ns well as in the later chart for July, puhlishctl by Mr. “Wajoikofr, the isolxars are so drawn 
as to represent a continuous barometric depression in the summer months, extending 
between KortU- Western India and Central Asia. The registers that have lately hcen fur- 
nished from Ix'h, as well as those of the statirms on the southern margin of the Ilim.a- 
layn, show, however, that such a representation is really misleading. At heights of 
7,000 feet on the Himalaya, the average ilificrence of pressure between Jnmian* and June 
or July is not more than 0*12 to 0T6 inch; ami the average of two years’ registers at Lob 
would seem to shew that, at that station, 11,500 feet above the sea, the annual oscillation 
is such, that the mean pressure of the month of June is actu.ally higher than that of 
January, The following table shows the mean pressure of each month nt the stations 


• wi.r*j cj ycJtiiiTR isdi*. rbn. 7TiZJ .• vd loi, r^ ^si. 
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Daijeelinff, Simla and Leli, elevated respectively C,912 feet, 7,071 feet, and 11,538 feet 
above sea level : — 


Table eJtewinff the annual variation of pressure over the Khnalaya anA Tibei?^ 



I)i.E,Kl.tKQ. 

Srat,*.. 

Led. 

STcaa. 

Difference. 

Mean. 

Difference. 

Jlean. 

PlfFcrcuce, 

Janaary 

• 1 ■ 

»»« 

23-387 

+•024 

23-225 

+•010 

10'698 

— -OfX) 

Febrnary ... 


« « « 

•3G5 

,+•002 

•193 

+■008 

•668 

—■090 

March 



•360 

—•003 

•197 

+ 012 

•600 

—•052 

April 


... 

■366 

+•003 

•207 

+■033 

•702 

+■044 

May 

* « • 


•331 

— 032 

•142 

—•043 

•674 

+•010 

June 

... 


'274 

—'089 

•061 

—124 

•631 

—•037 

July 

... 

... 

•26S 

—095 

•069 

-•lie 

■609 

—049 

August ... 



•308 

— •056 

•101 

— -084 

•637 

-•031 

September 

(«• 

t « ■ 

■3G1 

+•001 

•104 

+•009 

•686 

+■028 

October ... 

• «* 


•427 

+ 064 

•227 

+ 042 

■715 

+ 057 

Kovember 



•470 

+ 107 

•293 

+■108 

•767 

+•109 

December 


« »« 

•441 

+ 078 

•254 

+•069 

•711 

+053 


Year 

... 

23-363 

... 

23T85 


19-G58 

... 


These facts suffice to shew that the annual oscillation of pressure over the Himdlaya 
and the Thibetan plateau is of a character quite different from that of India on the one 
hand, and of Central Asia on the other. The high pressure of the winter and the low 
pressure of the summer months, in both these regions, are phenomena restricted to the 
ower atmosphere , arising in the one case from its cooling and condensation, in the 
er iom its expansion and consequent diminished density; and since all commimica- 
w;?. is absolutely barred by tho Himdlayo-Tibetan 

disfiTinf mi winter and low summer pressure are independent and 

heinofl* ® dependent on them are also distinct; the Indian monsoon 


“ontli at T4ii-aiia and 

aays;UaveaC d ^ O'' “U 

very ample and .aluaWo materials for a knovrledge of tire diurnal 

months, the first dghfmoX Simla from three and those of Ub from 

y tng the means of two years, the last four of 
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varinlion of somo of llie clnef meteorological elemonts for the nine months, JCoTcmber 
to July, during n-hich the mission remained in Kushgharia. The original observations 
of the barometers and thermometers (reduced and corrected for the errors of the iu- 
struments) and the computed hygrometric data, together with the anemometer readings 
and observations, arc given in full in the Appendix. 

In deducing the mean curves of temperature, pressure, &c., I have grouped the 
observations under three periods : 

Novernher to February, 

^Farch to l^Iay, 

June and Jul}', 

and have proceeded in the following manner ; — 

The means of the hourly readings at each hour ■were first taken, tlic series begin- 
ning and ending with the midnight observations. Next, the difference of the initial and 
final (midnight) means was equally distributed by interpolation throughout the series ; 
the two midnight observations being thus reduced to the same value. Thirdly, the 
difference of each hourly value above or below the common mean having been substi- 
tuted for the mean value corrected as above, the mean differences of the 4h. lOh. 
16h. and 22h. readings, from the daily registers of the same months, were substituted 
for those of the hourly registers ; and the intervening hours corrected by simple propor- 
tional interpolation. Thus, let ^‘i6 ^‘^2 be the corrections for the four six hourly 
epochs, then — 

^'c 1 0 

/■y -P g (/■, Q X'^) &C. 

are the corrections for 5h. 6h. 7h. &c. Lastly, the whole scries was corrected by 
Bessel’s intei'polation formula, computed to four periodical terms. The general form 
of this formula is as follows. Let x he the probable vahie of an element (tempemturc, 
pressure, &c.,) at any given hour. Then, representing that hour by degrees of arc, 
measured from midnight as 0, at the rate of 15" for each complete hour, let its numerical 
expression he n 15®. 

0 .'= 31+ 17' s/».(« 15® + «') + 30® + 7O + TT" sin,{n 45® + fr) + ZT^ 8m.{n G0®+ 

whereiu JJf is the mean of the day, V' XT V'\ &c., constants expressed in decimals 
of an inch for pressure, in degrees for temperature, and n\ u'\ ii"', &c., constant values 
of arc.*^ 


• Rentiers vrho tnaj" be 'utincqtinlatctj Tvith this tucfol formula luay be referred to Re=*el’s original pa pt-r 3a Pc!jubmacL^r*«i 
Ast Xaebriebten, or the trunslatioa br Afr. R. 11. Si»ti. pnblblictl ia tbe .\pper.tlix to tbe Quarterij WentbT Rcp<*rt rf tbe 
MettMTological Office, London, for 1S70. Abo, to Ilcrscbcirs llctcorology, page 142, wb.re tbe Tvbole 'oorl.jcg U IHu^traterl by an 
example. 
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Dittenal vaeiation of tempeeatuee. — ^Tlie co-efficients of Bessel’s formula for tlie 
average temperatm-e variation in each group of months above specified, and the mean of 
the whole, are as follow : — 



if. 

TT 

u‘ 

V" 

V." 

V" 


jjr/if • 

ft'*’" 

November to February 


27-82 

9-36 

224‘’50' 

3-63 

50°45' 

056 

24G°m' 

0-49 

210“46' 

Marcb to May 

... 

61-40 

11-32 

232°26‘ 

2-64 

84‘’21' 

0-91 

SS^do- 

0-57 

234"11' 

Jane and July ... 

... 

78-75 

12-22 

237'’6' 

2-66 

Sl^dS' 

0-62 

82'’10’ 

0-58 

257“4r 

Nine months 

... 

60-33 

10-54 

230°23' 

2-84 

67°23' 

0-23 

36°7' 

0-45 

220°42' 


From these values the following mean hourly temperatures and hourly variations have 
been computed. The resulting curves are represented graphically on Plate VIII. 



KoTEJEEB to PEBanAET. 

Mauch to HIav. 

JriTE AlfD JCLV. 

Kise llosrns. 


ileiin. 

Difference. 

Mean, 

Difference. 

Mean. 

Difference, 

3 rc.m. 

Difference. 

Mid. 

23-19 

-4-63 

65-15 

— 6-25 

71-08 

- 7-67 

44-64 

- 5-G9 1 

1 

22-19 

— 5-63 

53-74 

— 7-66 

69-61 

— 9 14 

43-35 

- 6-98 

2 

21-62 

-6-20 

52-39 

— 9-01 

68-41 

— 10-34 

42-28 

- 8-05 

3 

21-15 

-6-67 

61-03 

-10-37 

67-35 

—11-40 

41-29 

- 9-04 

4 

20-34 

— 7-48 

49-82 

-11-58 

66-69 

-12-06 

40-38 

- 9-05 

6 

19-21 

— 8-61 

49-42 

—11-98 

66-99 

—1176 

39-90 

—10-43 

6 

18-42 

-9-40 

60-68 

-10 72 

68-93 

— 9-82 

40-47 

- 9-86 

7 

18-93 

-8-89 

64-00 

- 7-40 

72-60 

- 615 

42-66 

- 7-67 

8 

21-32 

-6-50 

68-86 

— 2-54 

77-34 

- 1-41 

46-36 

— 3-97 

9 

25-29 

-2-53 

63-96 

+ 2-56 


+ 3'2o 

50-78 

+ 045 

10 

29-92 

+ 2-10 j 

68-06 

+ 6-66 

85‘75 

+ 7-00 

54-98 

+ 4-65 

11 

34-18 

+ 6-36 

70-62 

+ 9-22 

88-39 

+ 9-64 

58-29 

+ 7'96 

Noon. 

37-41 

+ 9-59 

71-99 

+ 10-59 


+11-61 

60-60 

+10-27 

13 

1 39’43 

+11-61 

72-84 

+ 11-44 

91-87 

+13-12 

62-07 

+11-74 

14 


+12-32 

73-37 

+ 11-97 

92-63 

+13-88 

62-68 

+ 12-35 

15 

39-45 

+11-63 

73-21 

+11-81 


+13-26 

62-21 

+11-88 

16 

1 37-4? 

+ 9G0 

71-84 

+10-44 

89-69 

+10-94 

60-42 

+10-09 

17 

1 34-41 

+ 6-59 

69-20 

+ 7-80 

86-13 

+ 7-38 

57-52 

+ 7-19 

18 

31-26 

+ 3-44 

60-94 

+ 4-54 

82-39 

+ 3-64 

64-29 

+ 3-96 

19 

20 

21 

22 

23 

1 

28-77 

27-24 

26-39 

25-06 

24-44 

* 

+ 0-93 

— 0-58 

-1-43 

-2-26 

-3-33 

62-94 

60-74 

59 24 

57-96 

66-60 

+ l-o4 

— 0-66 

— 2-16 

— 3-44 

- 4-80 

79-36 

77-34 

75-8S 

74.43 

72.77 

+ 0-61 

— 1-41 

— 2-87 

— 4-32 

— 6-98 

51-52 

49-60 

48-36 

47-26 

46-01 

+ 1*19 

- 0-73 

— 1-97 

- 3-07 

— 4-32 
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This table sliew’s that tlic normal daily itingc of lcmpci*ahn*c in tlic three gi*oups of 
winter, f;prin" and. summer months, was 21 ^ 7 % 2X" and 25*0" respectively, and 22-S^ on the 
mean of the nine months. This is smaller than the mean range of temperature deduced 
from ohsciTations of the maximum aud minimum, as might indeed be expected, since 
these latter shew tlic range between the extreme temperatures at whatever hour these 
extremes may occur, while the i-angc shewn by the curves is that between the average 

temperatures of the average hours of maximum and minimum onlv. 

^ « 


The average times of lowest temperature as given by the four cm'vcs arc — 


November to February 
March to May 
.TuneaiulJuly 
Nino months 

and the average hours of highest temperature — 

November to February 
March to !May 
June and July 
Nine monllis ... 


c 

h«. 

G 

mio, 

4- 

j/ 

41 

}} 

4 

v 

U 

}t 

4 

)) 

57 



14- 

hs. 



14 

f} 

IG 

miu 

1-1 

» 

3 

)> 

14 

)> 

4 

)} 


and since the mean hours of sunrise in north latitude 38^25* arc — 


Novombor to February 
March to May 
June and July 


7 bs. 3 min. 

5 „ 3t „ 

4 17 „ 


the longest temperature precedes sumdsc by nearly an bom*, while the hottest falls from 
two to two and a quai'ter lioius after noon, being latest in the spring. 

Diurnal yarlation of fressure. — ^Tlic co-efficients of the barometric formula 
for the three groups of months, and the mean of the nine months, are as follow. The 
mean of Kovembci’ and December have been reduced to the values for Yarkand : — 



Jf 

XT 

u'’ 

CT’ 

fp 

a 

U" 


■ 

J 

{ 

*' i 

1 

! 

Noveiabcr to FeWuary ... 

2G-H7 

•01T9 

355' 3r 

•0201 

157' 13' 

•0010 

35 F 23’ 

•0>20 

ISO- 3.V 

Jlarcli to May 

25-SOG 

•0378 

0° -U' 

*0251 

163'- 13’ 

-OOIG 

203' 30' 

•’'■'018 

21 zy 

Jmio and July 

25-601 

•017S 

8” 32' 

•0-203 

ICr 23’ 

•C025 

123' 13* 

*0320 

S5= 52* 

Nine Months ... 

25’?Jn 

•031S 

•F 33' 

•0*215 

icr 53- 

•0313 

10' S’ 

•oior 

> 

ICO' r 


il 
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from Tvliich tlie following values liave been computed 



Noteitbie to Pebecaet, 

Mean. 

Difference. 1 

Mid 

26-123 

+•0058 

1 

■ -118 

+•0014 

2 

•115 

—•0023 

3 

•113 

—•0038 

4 

•114 

—■0032 

6 

•1J7 

—•0003 

C 

'123 

+•0058 

r 

•132 

+•0152 

8 

•144 

+•0265 

9 

•152 

+•0352 

10 

•153 

+•0362 

11 

•144 

+■0269 

Noon 

•126 

+•0094 ' 

13 

•107 

—•0103 

11 

•091 

—•0257 

15 

•0S4 

—■0333 

1C 

•083 

—•0335 

17 

•OSS 

—■0289 

18 

•095 

—■0220 

19 

•103 

—■0138 

20 

•112 

—0051 

21 

■120 

+■0028 

22 

•125 

+•00/9 

23 

•12G 

+■0087 





llABCn TO JiTAS-. 


Jubt: Aim Jubt. 

Kibe MoBrns. j 

Mean. 

Difference. 

Mean. 

Diffcrtnce 

J G5-709 

+■0176 

25-9o9 

+•0099 

) -707 

+•0164 

•957 

+•0078 

! -705 

+■0138 

■955 

+•0059 ' 

i -706 

+•0146 

•95G 

+ 00G5 

•712 

+•0214 

•960 

+■0105 

•734 

+■0328 

•067 

+•0178 

■735 

+•04-13 

■976 

+•0270 

■742. 

+‘0516 

•985 

, +-03C1 

•743 

+■0520 

•992 

+ 0426 

•737 

+ 0461 

•993 

+'0439 

•726 

+■0349 

•987 

+•0377 . 

•710 

+■0192 

•973 

•f-0237 

•691 

—0005 , 

•953 

+■0039 

•669 

—•0223 

'•931 

—0176 

•648 

—0427 

•913 

—0361 

•634 

—■0574 

•901 

—•0179 

•627 

—0638 • 

•897 

—0518 

•629 

—0618 

•900 

—0485 

•638 

—•0534 

■909 

—•0398 

"650 

—0412 

•921 

—0280 

•664 

—0267 

•934 ' 

—•0151 

•680 

—•0112 

•946 

—■0034 ' 

•69-4 

+'0031 

•954 

+■0053 

•7a4 

+■0133 

•959 

+•0096 

on Plate VIII. They exhibit many 
le fii’st place, the amplitude of the 
lecorded at any other place under an 
t averages nearly 0-07 (‘0697) between 


»r lESS?"?” ~ sTCfrT B«^.n i„ .. . 

- TLofo^owI.,. 

^ . .r^ m 


Tort Churchill 


Annual, 

Mnsitnum. 

Sacramento 

... 

■072 

‘OOl 

lilrkatKl (9 months) 


•070 

■031 



•0957 

•1158 
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10 A. sr. find 4- p. ; and in lime and »Tuly, *OOS7 hohveen llioso and ilie iotal 
of ‘1158 between tlic even hours nefircsfc to maximum and minimum. On the mean 
of tlic nine months, tlio fall from 10 lirs. to 1C lirs. was ‘0895, and *0957 beiwcGti 
the oven hours of maximum and minimum. In other respects, too, the curve is 
characteristically continental. The fall of the night tide is almost evanescent, and 
tile ratio of the co-eflicient ZJt to XT, in the interpolation formula, is not less than 
1*G:1^^ on the mean of the nine months, and in June and July 2*3:1. One other 
peculiarity worthy of notice is the range in the epoch of the morning maximum at 
dilTercnt seasons. On the average of the four winter months, this falls at about 0 lirs. 
81 min.; on that of June and July about 7 hrs. 35 min., or nearly two hours 
earlier. Tlie time of tUo afternoon minimum varies less than an hour between the 
means of winter and summer, or between 15 hrs. 33 min. and IG lirs. 11 min. approxi- 
mately. Thus the interval between these extremes varies from about G hours to 8 hours 
3G minutes. On the means of the individual months, the range both m the amplitude 
of the oscillation aud of the time occuiucd, will, of course, bo still greater. 

I liavc elsewhere pointed out, what is indeed sufficiently obvious, tliat both these 
characters depend on the relative magnitude of the oscillations of single and double 
period, of which the whole phenomenon may ho considered as made up ; and t have ad- 
duced some reasons for regarding the major portion of the single oscillation as the efieeb 
of an actual oscillatory movement of a portion of the atmosphere between the land aud 
sea ; or, in the ease of Yarkand and other stations near great mountain ranges, between 
the plains and the mountains. Also, it may bo, in part between lower and higher 
latitudes. I3ut this is a subject on which I shall not enter further in this place. 

Ditjrxal taulvtiox of vapouk tension. — ^Tho following arc the co-cfficicnts of 
BcsscTs formula for the diurnal variation of vapour tension, computed, as in tlic ease of 
pressure and temperature, from tlic hourly obscrv'ations and six-hourly observations 
combined. The data are deduced from the observations of the dry and wet hull) thermome- 
ters, exposed to the free action of the air, under a shed, as described in the introductory 
portion of this paper ; and the reduction has been made by August’s formula, the readings 
of the iustruments bvaving been previously corrected for index errors at temperatures at 
and above the freezing point 
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The following Me gives the h^dy values and variatious computed by means ol the 
formula and the curves are shown in Plate yill : 
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•160 

—•020 

4 

‘076 

—•012 

•150 

—■018 

‘ 32 S 

—■ 055 " 

'157 

—•023 

s 

•071 

-•017 

■167 

—•on 

•313 

—■040 

■161 

-•019 

G 

• 06 S 

—•020 

•171 

+•003 

•371 

—'012 

■171 

-•009 

7 

■009 

—■019 

•184 

+•016 

•397 

+•014 

•183 

+■002 

8 

•075 

—•015 

•ISO 

+•021 

•408 

+•025 

•188 

+' 00 S 

0 

■082 

—■000 

•184 

+•016 

•402 

+■019 

•188 

, +’OOS 

10 

■090 

+■002 

• 17 C 

+■008 

■390 

+■007 

•186 

+•006 

11 

•096 

+■008 

• 1 C 9 

+‘001 

•384 
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These results show that, in the vrinter months, the diurnal variation of vapour tension 
is that characteristic of a damp atmosphere, viz.^ increasing and decreasing directly nith 
the temperature. However unexpected such a phenomenon may he on the border of a 
desert in the very heart of Asia, it is yet consistent with the result obtained from the 
general discussion of the registers in the previous part of this report, tjfic., that the relative 
humidity of the air is at its maximum in the winter months, being as high as 84 per 
cent, of saturation in December. In the spring months, March to May, the rise of 
temperature being proportionally much greater than the rise of vapour tension, the 
relative humidity of the air reaches its (probable) nn-nn al minimum ; and the diurnal 
vapoiu’ tension curve exhibits a depression in the middle. of the day, which reaches its 
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lowest point between three and four in the afternoon ; after which a rapid rise brings it 
to a second maximum between 7 and 8 in the evening. This evening maximum is, 
however, inferior to the morning maximum, which occurs about 8 a.m. In June and 
J uiy, again, the relative humidity being higher than in the spring, the mid-day depression 
of the curve is less, relatively to the night depression, than in the spring months. But 
the whole oscillation is of much greater amplitude, and the absolute maximum of the 
vapour tension falls, in the evening, between 5 and 6 p.m. It is probable that these 
variations are not a little dependent on the diurnal variation of the winds. 

Bitjenaii vaeiation of the winds. — much more extensive series of registers 
than are available for Yarkand would be required for anything like a complete discussion 
of this subject. But certain leading characteristics of the variation are of such re- 
gularity and relative importance, as to be exhibited prominently even in the means of 
the twenty-six days’ hourly registers that are available, and in the wind observations 
recorded twice daily throughout the nine and half months of the Mission’s residence in 
Kashgharia. 

. In the first place, the total movement of the air, irrespective of direction, on the mean 
of the twenty-six days’ hourly registration, exhibits three well-marked maxima and three 
minima in the twenty-four hours, and a fourth pair wliich are more doubtful. The first and 
least important of these maxima occurs a little after 2 a.m. ; the second and more important 
a little after 9 a.m. : the third and apparently the chief maximum of the day would seem 
to occur at some time between half past 3 and d, or perhaps somewhat later, ■ Its exact 
period is somewhat doubtful, as the registers show a decrease in the movement between 
4i and 5, which might possibly disappear in the means of more extensive materials. 
A fourth and somewhat doubtful maximum would seem to occur about half past eight. 
Inasmuch as three at least of these maxima occur about the times of maximum and 
minimum barometric pressure, there is an obvious probability that the two classes of 
phenomena arc to a groat extent the common effects of one and the same cause, hut it 
would he futile to attempt any detailed discussion of the subject without more abundant 
data. The following table shows the mean movement of the wind during each hour of 
the day at Yarkand on twenty-six days between the 21st January and 28th July : — 


Table showing the mean movement oj ihc air in each hour of the day at Yarkand, 


Hoar, 


Hour. 

Hlics. 

Hoar. 

Sltlcfl. 

Hoar, 

jriics. 

Otol 

2*14 

e to7 

2 CO 

Ntol3 

2-G3 

18 to 19 

2-34 

1 to 2 

2-32 

7 to 8 

2-80 

13 to 14 

2-28 

19 to 20 

l-Sl 

2lo3 

2-85 

8 to 9 

2-91 

14 to 15 

292 

20 to 21 

2*45 

3. to 4 

2-02 

0 to io 

3'00 

16 to IG 

3-38 

21 to 22 

2*26 

4 to 5 

2-00 

10 to 11 

2-25 

IG to 17 

263 

22 to 23 

2- 

6toC 

2-03 

11 toN 

2'GO 

17 to 18 

3-16 

23 to 24 

2-20 


TVith respect to direction the wind has a very decided tendency to blow from 
between west and north in the forenoon, and to change to east and south-east in the 

s 
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evening. This is very perceptible in the hourly registers on simple inspection, and is 
shewn very decidedly in the following table of the observed directions of the wind-vane 
at 10 A.ir. and 4 p.ii. : — 

Winds obseeved at 10 a,k. 


I SI onus. 

i 


n.e. 

E.N.E. 

E. 

E.S.E. 

8 E. 

5, a E. 

s. 

S. S.^Y. 

s.w. 

ws.w. 

w. 

vr-N.-sv. 

N.W.jK.N.W, 

October 

• « ■ 

■ 

••• 

1 


4 

■ 

... 

«** 

... 


1 


5 

... 

2 

«*• 

Norember 

■ • ■ 

■ 

3 

8 


2 






... 

... 

11 


3 

3 

December 

f « • 

6 

2 

2 

2 

2 

■ 

... 




• ** 

1 

1 

... 

1 

■ 

January 

*«* 

1 

1 

1 

... 

B 

4 

1 


1 

... 

2 

1 

0 

4 

3 

Bl 

February 


... 

... 



B 

... 

1 


1 

1 

D 

... 

12 

0 

3 

2 

March 


2 

• •• 


1 

H 

m 

1 

1 

1 

3 

B 

2 

4 

6 

6 

3 

April 

... 

B 

1 

... 



■ 

2 

... 

1 

1 

2 


2 

7 

8 

5 

May 


1 


!«• 

1*4 

B 

2 

3 

1 

* *• 

• • • 

* ( * 


G 

3 

11 

5 

June 


B 

2 

1 

•4 * 


•*» 

B 

1 

2 

*«• 

H 

■ 

2 


7 

4 

July 


2 

... 

1 

... 

1 

... 

1 

2 

• • • 

«*4 

i^B 

Bi 

.2 

2 

7 

12 

Total 


12 

9 

14 

3 

10 

9 

9 

5 

6 

6 

mu 

5 

50 

. 35 

51 

45 


Winds obseeted at 4 p.si. 
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HH 

■ 
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S,E. 
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s. 
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N.W. 
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B 

■ 

4« • 

« •« 

4 

• 44 

B 

m 
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«(» 

• 4, 
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5 


3 

• i4 
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B 

1 

2 

1 

10 

... 


■ 

• •• 

»•» 
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• 44 

11 

*•• 

3 

1 
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6 

5 

3 

6 

1 

M4 

B 


... 

* • » 

■44 
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3 


44* 

6 
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2 

2 

3 

9 

1 

4 

H 


• 44 


... 


4M 

4«4 

2 

1 
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2 

2 

3 

4 

3 

3 


B 

... 

444 
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»44 


2 

1 
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2 

3 

4 

**» 

4«« 

2 

9 

2 
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• 4» 


• 1 * 

3 

2 

3 

1 
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2 

1 

2 

2 

1 

2 

B 

B 

3 

• »■ 
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1 

2 

2 

6 

2 
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1 


B 
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1 

1 

B 

Bl 

2 

1 


P*« 

2 

5 

11 

1 
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1 

2 


«4« 

• •* 

«•« 

B 

6 

1 

... 

... 


4 

6 

5 

2 
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4 

2 

1 

• «fl 

... 

*** 

2 

- 2 

1 

.4, 

... 

... 

1 

3 

9 

4 

Total „ 

21 

18 

17 

21 

21 

12 

33 

13 

7 

1' 

... 

1 

31 

17 

43 

18 


But the character of the diurnal oscillation is still more distinctly shewn when the 
hourly observations of the wind-vane and anemometer on the twenty-six days are reduced 
to their hourly mean co-ordinates. And, perhaps, no single featui-e in the meteorology of 
Yarkand affords a more striking illustration of the paramount influence of purely local 
conditions, and of the extreme regularity of the march of the meteorological phenomena, 
then the fact that this diurnal variation of the wind stands out so distinctly in the 
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registers of so small a number of days taken at' c(iual interyals through six and half 
-months of the year. The following table gives the co-ordinates (north and east with a 
plus, and south and west with a minus sign;) first, as deduced dii’cctly fi’om the observ- 
ations, in which the position of the wind-vane at the hour of observation is assumed as 
that of the preceding hour ; second, the corresponding values corrected by Bessel’s 
formula, computed to four periodical terms ; and lastly, the variation of the co-ordinates 
after deducting the mean diurnal resultant of the scries. The curves that result from 
plotting these are given on Plate VIII : — 


Tailc of vicaji co-ordinafos for each hour of the day at Tdrhand deduced from hourly olscrvaiions of 
ihe Ktiid-vane and auemomeier on iiceniy-six days from January io July 1875 . 
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8 
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+ -osi? 

— •1235 

+ ■8311 

— 1*1033 
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to 10 
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+ 0-921 

— 0-891 

— -0033 

+ -1552 

+ *7750 

— *8115 

10 

to 11 


+ 0-210 

— 0-525 
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+ *1950 

+ '0590 

— *1711 

11 
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• •• 
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— 0071 
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+ -8151 

+ *5703 

— *1510 
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• +0-S13 

— 0-120 

— •1712 

+1-0J03 
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+ -0111 

12 
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+ 0-707 

-0220 

— •0222 

+1‘0037 

+ •7502 

+ *0300 

M 

to 15 


+ 0-C93 

+ 0-212 

+ *1611 

+ ’SOoS 

+ •9135 

— *1011 

15 

to 16 

0** 

+ 1*210 

— 0-253 

+ *2919 

+ *5059 

+1-0713 

— -1038 

1C 

to 17 


+ 1*102 

— 0-705 

+ -.2223 

+ *2373 

+1-1032 

— *7321 

17 

to 18 


+ r09S 

— 1*320 

+ *2710 

+ -osns 

+1-0501 

— *8859 

18 

to 19 

• 1 • 

+ 0-S73 

— 1*122 

+ *1625 

+ *0392 

+ *9010 

— *9305 

19 

io 20 

0** 

+ 0-851 

— 0-502 

+ *0312 

+ -0293 

+ •8020 

— *9399 

20 

to 21 

... 

+ e79S 

— 1*017 

— *0205 

— •0187 

+ -7529 

— *0881 

21 

to 23 

*■* 

+0-729 

— 1*323 

— •not 

— •1280 

+ •0330 

— r09S3 

22 

to 23 

0*0 

+ 0-203 

— 1*111 

— •2102 

— •2074 
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22 

to Mid 

0** 

+0'017 

— 1*189 

— ■2570 

— 'OSSO 
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The co-efficients of the formula used for computing the corrected values are as follow 
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Here it is clear that the resultant direction represented in the figures on Plate VIII by 
the lines A. B. is determined mainly hy the winds of June and July, which are more 
steady and stronger than those of the winter months. This direction is parallel with the 
mountain range to the south of Tarkand. The diurnal variation, taking the corrected 
curve as our guide, consists of — an oscillation to and from the mountains, the former 
being at its maximum between the time of maximum temperature and minimum pressure, 
the latter from midnight to sunrise ; an oscillation at right angles to this direction 
and parallel with the resultant, the wind being most south-easterly between noon and 
the time of maximum temperature, most north-westerly from three to five in the morn- 
ing. This may, perhaps, also be regarded as an oscillation of the air to and from the 
mountains ; since to the west of Kdshghar the plain is quite shut in by the Pamir and 
the western extemity of the Thian-Shan. The wind curve displays some minor oscilla- 
tions, among which it is very probable that the effects of the diurnal oscillations of pressure 
may be traceable ; but it would be unsafe to base conclusions on the minor variations of 
a curve deduced from twenty-six days’ observations only. 











TABLES. 


REDUCED AND CORRECTED REGISTERS OP METEOROLOGICAL OBSERVATIONS 

AT KA'SHGHA'R AND YA'RKAND. 
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TABLE II. 


Sourly observations at Kashghdr and TdrJcand. 
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Table II (conliuuod). — Jlaurl^ observaiwns at Kashghdr, 
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Table II (continued ). — Hourly olservations at Ka^Jiyhdr. 
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Tabix II (continued.) — Hourly ohsermtions at KashgMr, 
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THE StETEOROLOGY AND CLIMATE 
Table II (continued ). — Ronrhj ohermiiom at KasIigMr. 
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. Tadlb II (continnetl ).' — Ilotirly olscrrations at Kasitglmr. 
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Table II (continued) olservatioks at KasligUr. 
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■206j 

■212 

•218 

•198 

•191 


35-3 

83 

W. 


34-2 

83 

W.K.W. 

20 

34‘6 

8-1 

W.N-W. 

6-0 

34-6 

84 

W.N.W. 

30 

35-1 

91 

W.N.W 

2-5 

33-1 

80 

N.W. 

1-4 

32-7 

95 

W.S.W 

. 1'9 


33-2 

36-4 

33- 1 
35-6: 
35-1 

34- 1 

35- 6 

34- 3 
S4-5 

35- 7 
34'5 
34'6| 

33- 7! 
35-2] 

35- 9 

36- 7 

34- 2 
3.3-3: 


61 

60 

61 

si'll 


831 W 
84|N. N. E. 
S. E. 

W. S. W. 
W.N.W. 
W. 

SGlW.N.W.' 

W. 

W. 

W. 


55 

67 

70 


70W.N.W. 


74! 


W.N.W.! 
W.N.W, 
N. W. 
W 

W.N.W 
aslw.N.w: 
83! W. 


80, 

I 

831 

87 


T3 
To 
O'o 
0’5 
3-6 
15-6 
lO-O 
9'6 
lO-l 
10-2 
10-9 
9-5 
9-5 
7-0 
5’0 
3-2 
2-2 
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Table II (continued ). — Hourly olservations at Kashglidr. 
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TABm II ( coniiuued ). — Hourly olservafions at Ka^hglmr, ' 



21st Amil 1S75. 



25'90I) 


62G1 



85*2 57-1 


C ^ 
1 2 

*= i 

%» O 

G ?5 



4201 -132 


45*5 



Wind. 

13 

K 

O 

o 

o 

O 

Q 

> 


208 35'iJ 


50-0 *202 



0 * 
0 
0 
2 
5 
0 

3 

0 

«ar 

1 
1 

X . W . 1 
E. S. E. 1 
E. S E, 3' 
E. S. E. 2-1 


2C-130 

•122 

*122 

• 11 ? 

•116 

•125 

•130 

•160 

•150 

•15G 

•130 

•117 

•OOS 

• 078 : 

• 052 * 


67*1 
6G-1 

61-1 dC'O! 


45 S. E. 
49 S. E. 
53 S. S. IT. 
G1 N. N. E. 

2021 41'4! CO N.W. 

C8 N.W. 
CO N.W. 
CS N.E. 
2991 41-8! 66 N.E. 

42 E. & E. 


220 87'C 


4 


7'C 82 S.W. I 
40-4 33 S. S. E. 
3S’G 20 S.S.E. 


S. E. 2-3 -OSl 

S, E. l-cj -028 

S. E. 0-3 -022 

S. E. O’l '010 

0-0 *020 


S> S. E< 
S. S. E. 
S. S. E. 


80 S. S. E, 


■BUI 


36-0 87 


O-Oi -032 


60-11 45'0: *176 


00 ! *037 

I 

S. E, 0-1 '039 

8. 0-8 -013 

Cr6 -031 


68 - 1 : 

67-1 
D4'0 
64'1 47‘o! 

63'0 4C-gI 


S. S. R 
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' OP T-ABKAPrp APTD BASHGHAB . 

to II lC0Btinued ).- fl »« r ;^ cisermtkn , al 

11 ' asm MiT 1S7E - 


aiBt Matt 1675 . ^ 


Ml 

® 1 tS 

S H 


25-818 

•809 

•801 


67-6 61-0 

67- 6 61*0 
64-1 49-0 

68 - 1 48'0 

58-1 - 47*6 
56' 6 47-0 

60-6 49-0 


•815 

68-6 

64*9 

■819 

76-7 

58-1 

-817 

84-2 

63-2 

•809 

88-2 

61-6 

•796 

91-3 

62-2 

•773 

94-3 

64-2 

•738 

96*3 

63-2 

•70£ 

96-E 

62-2 

•68 

; 'm 

63-2 

•65 

8 96- 

62-7 


•641 93*3 62-2 

18 ^ *633 87-2 .61-9 

19 - *639 79-2 60-1 

20 ... *658 76-2 68-1 

21 -ess 75-2 67-6. 

23 ... -718 76*2 65-6 

23 ... *728 73-6 64-0 

24 ... *735 73-1 54 0 


•186 32-6 28 
•186 32-6 28 ^ 
•177 31-4 30 'W’. 5 

•222 37-1 46 S. < 

•210 35*7 43 ••• ' 

•226 37*6 61 S. 

•218 36-6 41 W. 

•276 42-8 40 W. 

•283 43-4 32 W. ■ 

•334 38'5 29N.N.W. 
•242 39-2 18 N* ^• 
•222 37-1 15 
•252 40-4 16 

•196 34-0 12 

•163 29*5 10 S- 

•19133*3 llU-lj^-®- 
j -181 31*9 10 E. S. E. 

2 •199|34*3 13 E- 


... 25-940 70-6 

3-1 -939 68-1 

2-6 -945 68-1 

0-3 -946 679 

00 *947 66-1 

0- 1 -952 64-1 

2- 0 -956 65-1 

3- 6 -956 67-1 

1- 9 -950 71-1 

1*5 *947 74-1 

2- 6 *933 78*2 

2-7 -920 80*5 


64-0 

64-0 

67- 1 

68 - 1 
56-1 
68-1 
69-1 


2'3 "902 83-2 59-1 

1-8 *881 84-2 69-1 

■i.J .CM 85-2 59-1 


•263 41-5 21E. N.E. 

•300 45-0 30E.N.E. 
•278 43-0 31 

•275 42*7 31 E. N. E. 

« 

•220 35-9 25 N. 

•196 33-8 -24 "W. 

•200 34*4 25 N. W. 


1-8 *881 84-2 

1*4 '851 85*2 

1*9 *827 85'2 

1-6 -812 83-0 

0-4 /806 80-4 

0-5 -800 78-2 

0-3 *822 76-2 

O'O *832 73-6 

1. 0-4 '846 71-6 

5-3 -846 71-1 

4-9 -838 69-1 

g-g -819 66-6 


■257 40*0 ' 

■285 43-6 ' 

•245 39-7 ' 

•222 37-1 

•279 43-1 

•303 46-2 

•292 44-3 

•361 49-2 

•333 47-8 

•245 39‘7 

•256 40-7 

•267 40-9 

•226 37-6 
•2161 se-sl 


58-1 

68-1 

68-9 

68-9 

68-6 

67-6 

56-6 

65'1 

64-9 

64'-0 


•203 34-8 

♦175 31-2 


34 N . I '- 

42N.N. W. 4-5 

36 W. 1*9 
32N. N. W. 3-1 
45 N.TV. 5-2 

51 N.*^. 3*1 

47 N. W. 4-1 
63 N, W. I 2*8 
44N.N.W. 3-4 
291^.^.^. 2-3 
27N. N.'W. 2*3 1 
’24W.N.W. 2*3 

3 20 N. W, 24 

3 18 N. N. E. 0-8 
8 17 N. 0'5 
■2 16 N- 0-5 


•200 34-4 

•252 40-4 

•277 42*9 

•303 45-3 


17 •■• 

24 • 0-' 
30 N- 
34 1^- 


•292 44-3 35 

•287 43-8 37 ® 

•252 40*4 83 1 ^ 

•271 42-3 39 N* * 

•286 43-7 46 - ' 
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Table II (continued ). — Hourly ohservations at Kasligltdr 
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-Table II (continued ). — Hourly olservations at Kaslighar. 
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• THE HETEOEOLOGT AND CLEHATE 
TABiiE II (continued ). — Hourly observations at Kdslighar. 
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Table II (coatinued ). — Sourly ohsenatiom at KashgHr, 





































Ill, — The dmrnal 'cciriatmi of the harometer at Simla, hi/ Henry P. Blaneoep, 
^Meteorological JHeporter to the Government of India. 


In Lieutenant-Colonel (now .General) J. T. Loileau’s " Collection of Tables, As- 
tronomical, Meteorological and Magnetical, &c.,” printed at TJmballa in 1850, is a table 
(No. XXII) shewing the mean variation of the barometer at hourly intervals in each 
month, at Simla, above or below the semestral mean for that hour and place. The table was 
drawn up from the re'duced I’eadings of a standard barometer, recorded hourly during the 
three years, 1843, 1844 and 1845. The observations were made at the even hours of 
Gottingen time, which fall 29 minutes later than the even hours according to local 
time. 

Boileau’s tables have been long out of print, and not having been at any time 
easily accessible to most persons in Europe, the very valuable data given in table XXII 
remained comparatively unknown to Meteorologists until Hr. Hann published an abstract 
of the results in the Vlllth volume of the Journal of the Austrian Meteorological 
Society. As far as I am aware, the full data have never been republished and now 
that attention is once more directed to the intricate problem of the kws and causes of 
the diurnal variation of barometric pressure, the very important evidence afforded by 
the mean monthly variation of the oscillation, at a station 7,071 feet above the sea level, 
and in a sub-tropical climate, well deserves reproductiou and some further notice. 

• The form of the original table is not veiy convenient for meteorological purposes, 
and I have therefore given it in an altered form in Table I ; vk„ the mean variation of 
the pressure, at .each hour of observation, above or below the mean of each month. 

Prom these data, the co-efficients of BesseTs formula, in its expanded and condensed 

t 

form, have been computed and are given in Tables II and III. The probable variation 
for each even horn* of local time, computed from the formula, is given in Table lY ; and 
lastly, the instants of maximum and- minimum pressure, and the amoiiats of these above 
and below the mean, have been calculated to a second approximation by the method 
proposed by Hr. Jelinek. These are given in Tables V and VI. All these calculations 
have been made by Babu Brojomohun Rakbit, the chief computer of the Meteorological 
Office. 

Except in July and August, the curves (given on Plate IX,) exhibit uniformly the 
peculiarity' which characterizes tho diurnal variation of pressure on mountain peaks, and 
■which w^as first pointed out, I believe, by Plantamour in the case of the Great St. Bernard. 

This, is, that the early morning minimum is the absolute minimum of the day, the semi- 

■ — — — — . — — ^ ^ — — - — 


X 5 


* Xliat is to s«y, tlic mean values. Tlie original oljscrv’ulions imve lieen puUislietL in full, 
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oscallation of greatest amplitude being between 4 and 10 A. Ji, ^ The explanation n-iven ' 
l)y PJantamour, seems quite satisfactory, ch., that by the expansion of the lower and 
heated strata resting on the plains, a relatively larger proportion of the whole atraospli eric 
column is lifted above the level of the hill station; and thus the static pressure, at that 
level, is greater during the day than at night.* 


It is probable that this form of oscillation is more marhed in the neighbourhood 
of the plains than, in the interior of the mountains. It is at least certain that the 
character of the diurnal oscillation is subject to much greater variation among mountains 
and in their vicinity than elsewhere, and there seems reason to believe tliat a good 
collection of data bearing on this subject from the Himalaya and Tibet would throw 
much light on the physical causes of the phenomenon. 


* I new! hnrdly rcmnrfc tlmt I do not regard tlio double occillation ns due to n varSntion in static pressun'. Xor. ivhile 're v., 

lilting' the interest nttacbmg to Lnuiont’s, Urouti’s, nnd Homsloin’s investigations, "■Jiielt sliew n concoinitnnco bclr.-««;i rerfjdn 

features of tbo baroinetrie oscUlntion on the one hand and niogncfic plicnomcnon nnd tlie sun’s rotation, on the other, do I see that the 
tigeucy of licat may not nccouut eatlsfaetorily for the whole phcnouienou. As yet the subject is .far from being eshaustirdy treate,r' 



TABLn I. — Monlhf^ msnns ajtd ?ionrly rariathu of the barometar <tt Stmln from obnervnlions al (he even /lour.i of Gollhigen ime reduced io local time. 
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Tlir DIURXAL TArvlATIO^T 


Table IT. Co-effichnU of BcsstV's {nferpolaiion forvutUt for ilie diurnal oscillixilon of Ihe larotncier al 

Simla. 

A”. Jy . — =r 0 of (he Lour uncles. 



B' sia u' 

U cos u’ 

B" Ei3 n* 

U ' C03 u'' 

U'" lin n’’ 

B‘' cos u*" 

C"" Bin 

■ "1 

Januaiy 


-•0183 

—•0003 

+■0297 

—■0302 

1 

i 

LS 

-J-'OO/l 

-•0025 

—■0035 

February 

• 1* 

-■0200 

-•0017 

+•0321 

—•0302 

—•0015 

+•0019 

—•0907 

—■0020 

JIarcL 


—•0191 

—•0048 

+•0321 

-•0299 

—■0009 

+•0028 

—•OOOG 

— -OOM 

April 


—•0230 

-•00-20 

+•0318 

—•0320 

-•0000 

+•0009 

—■0011 

—■0007 

M.ay 


-•0279 

+ ■0030 

+•0290 

—•0291 

—•0003 

—•0012 

—■0000 

-•0003 

Juno 

... 

—•0211 

+•0032 

+-02SS 

-0271 

+-000G 

—•0012 

—•OOOG 

-0011 

July 


— -Ol-ll 

+ •0092 

+•0202 

—■0283 

+•0012 

—•0007 

—•0002 

+-OOOG 

Augu-st 

• • • 

—•0148 

-}-‘00GG 

+ 0279 

— -OSOG 

—•0009 

—•OOOG 

—•0009 

—■COOS 

September 


— •0222 

*00 

+■0219 

—*0317 

—■003-2 

+'0024 

—■0020 

• 

—•0010 

October 

... 

-•01S2 

+•001-1 

+-023G 

— -0351 

— -OOOG 

+•0039 

—■0015 

—•OOM 

November 

... 

—•0180 

+'003[) 

+•02-11 

—•03-44 

+•0001 

+-OOCO 

—■0023 

—•0010 

December 

... 

—•0189 

+-000C 

+-02G7 

-•0319 

—•0015 

+-00G1 

—•0035 

—•0020 

Year 

... 

- 0199 

+■0020 

+•0283 

—•0311 

-■0007 

+•0025 

# 

-•001-1 

—0012 


Table III. 



January 

February 

ifarcL 

April 

May 

Juno 

July 

August 

September 

Octolwr 

November 

Docenibec 

Year 


•0183 
•0201 ' 
•0100 
'•0231 
•0281 
•0213 

•01 ro 

•01 G2 
•0220 
•0133 
•OlSl 
•01 SO 
•0200 


200=’ 1' 
205'’ 2' 
25G’ 7' 
201“ oO ' 
2/G'’ 8' 
277° 32’ 
302'’ 31' 
20 r 7' 
2Sr 35’ 
274° 2C’ 
ggo” 4' 
271'’ 0-2’ 
275'’ 1-5’ 


•0124 

•0411 

•0130 

•0151 

•am 

•0395 

•0107 

•04M 

•0103 

•0123. 

•0420 

•0137 

•0121 


u" 

135'^ 

29 ‘ 

183° 

17’ 

132'’ 

58' 

IGo” 

S' 

135° 

■r 

133'’ 

13' 

131“’ 

4' 

137'’ 

4-2' 

1-11'’ 

48' 

1-lG'’ 

o* 

1-15'’ 

O' 

1-1‘2'’ 

20’ 

IS?" 

42* 



SJO '^ 21* 
342® 44* 
342® 12’ 
32G" 50’ 
193® 15' 
153® -19' 
118'' 58' 
237° 57' 
300“ 83' 
351® 31’ 
0® 57' 
310° sr 
311° 21' 


210'’ 13' 
IDS'’ <49' 
201“ 8' 
230= 30' 
253° 32' 
DOS” 32' 
310'’ '28' 
220'’ 58' 
213'-’ •30' 
220'* 58' 
215° 34’ 
239'’ 31' 
220° ill' 



















Table IV . — Mean t'ariaiion oj* the harovteter at t7is even honrs o/ local time at SttnlUf conipulcd hy JieaseVe Jbrniula. 
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Tabix \ — JDinntal epochs of maximum ani mhtumm pressures. 



1st Jlialmnm. 

1st Maslmuia. 

Snd ^riDimnin. 

iJn<l 2J(L\lmarru 






hours. 

minutes. 

liours. 

minutes. 

hours. 

minutes. 

liour.s. 

minutc.s. 

January 

• *• 



... 

4 

51 

10 

24 

10 

43 

Oi> 

D 

February 



... 

... 

4 

3i 

10 

SG 

10 

4i 

23 

17 

March 



■ ** 

»«• 

4 

2S 

10 

41 

IG 

51 

22 

15 

April 


... 

• ** 

• • ■ 

4 

. 32 

■10 

37 

17 

-1 

22 

8 

May 

• • • 

... 

... 

... 

3 

62 

10 

38 

17 

16 

23 

10 

June 

• • ■ 

»• * 

• • . 

... 

3 

62 

10 

37 

17 

22 

23 

23 

July 


... 

... 

... 

4 

7 

10 

23 

17 

0 

£3 

39 

August 

• • « 

•*« 

... 


4 

2 

10 

25 

IG 

63 

22 

1C 

September 

»* • 


... 

•*. 

4 

4 

10 

23 

10 

45 

21 

44 

October 


*«» 



4 

G 

10 

12 

16 

23 

21 

■ 61 

Ivovembcr 

« *« 




4 

21 

10 

C 

10 

22 

21 

63 

December 

••• 

»♦« 

• • • 


4 

31 

10 

13 

10 

S3 

21 

47 

Year 


««« 

... 


4 

15 

10 

2C 

IG 

61 

23 

8- 


Table VI . — Dhirnal inaxhna and tninima pressures ai ihc epochs in Table V. 


January 

• • a 

*tt 

«t« 

*at 

CO 

•■-4 

0 

1 

+■0098 

—•0302 

+•0227 

February 

ait 

... 

... 

... 

—■0519 

+'0G91 

—•0326 

+'023'4 

March 

*• a 

a t. 



— -Oo-JG 

+•0044 

—’0311 

+•0207 

April 

« • • 

•«• 

tat 

... 

— '055-1 

+'0G74 

—'0334 

+•0251 

M.ay 

tat 

. 4 a 

r*. 

... 

—•0503 

+■0075 

—'0370 

+•01 GO 

June 

... 

... 

• a a 


—•0404 

+-0G20 

. —’0357 

+-018G 

July 

... 

*!• 

tat 


— OJOl 

+'0559 

— -0148 

+•0240 

August 

• at 

a a » 


at » 

—•0400 

+'0582 

— 0129 

+■0205 


tat 



t.a 

—•0420 

+•0007 

—•0372 

+•0182 

October 

... 

... 

w. 


— 0170 

+•0649 

—•0335 


Kovember 


• •a 

•a* 

aa a 

— -0492 

+‘0075 

—■0317 

+•0201 

December 

• • a 

tat 

« a a 

... 

^ —'0190 

+’0701 

—•0337 

+■0243 

Year 

• a. 

... 

— 

... 

' -’0473 

+■0050 

—‘0351 

+ •0222 , 


GotI. CtDlral l>re«s Xo. IOC B. A. A C.— 23-i;.rfi.— txo. 
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IV. — Storms in Bengal during the yem' 187 6 ^ accompanied %mih increased atmospheric 
^pressure, and the apparent reversal of the normal diurnal oscillation of 'the 
harometer. By J. Eliot, M.A., Meteorological Beporter to the Government of 
Bengal. 

Oke of the most remarkahle features in the atmospheric pressure of tropical climates 
is what is termed the diurnal oscillation. It is now well known that the harometer, 
even when the atmosphere is apparently quiescent, is in a state of continuous oscillation. 
There are daily two periods of maximum and two of minimum pressure, the two former 
occurring about 10 a. ii. and 10 p. m., and the latter about 4i A. M. and 4 p. m. The dif- 
ference between the highest maximum reading, which is usually that of 10 A. M., and 
the lowest minimum, which is generally at 4 p. m,, gives the daily range. If the 
barometer continues at the same average height, — that is, if the continuous changes of 
pressure be due only to the causes which produce the continuous diurnal oscillation, — ^the 
daily range is found at Calcutta to vary, according to the season, within considerable limits, 
the mean being T16". This represents the effect on the atmospheric pressure, of 
more or less unlmown recurring causes. Much ability has been devoted to the solu- 
tion of the problem of the diurnal barometric oscillation, but with as yet only a partial 
measui’e of success. Two cases occurred in Bengal, during the year 1876, of what 
may be termed' an apparent inversion of the order of .barometric oscillation, — ^that is, of 
an actual rise of the barometer during the interval from 10 A. M. to 4 p. M., when 
the most marked fall, due to the diurnal oscillation, usually occurs. Perhaps a study of 
two failing cases may throw some light in any future consideration of the question. 

Instances of such inversion arc extremely rare in Bengal. The cause of this is 
evident from a consideration of the amount of the various changes. The average 
amount of the diurnal oscillation is T15" over the greater part of Northern India. 
The total barometric change, at any time, is the sum of the change due to the diurnal 
oscillation and of any irregular changes (usually of longer period) caused by atmospheric 
disturbances of any kind whatever. Thus, of the latter kind, there are, in Northern 
India, barometric oscillations of long period, varying, from two or three days to a fort- 
night, and intimately connected with increasing and diminishing temperature. The 
range of these oscillations very seldom exceeds 'S" or '4". There are also shorter and 
more abrupt oscillations due to sudden changes of atmospheric pressure, such as 
occasionally occur during dust-storms in Northern India, north- westers in Calcutta, or the 
revolving storms (tornados) of certain districts of Bengal. Einally, there are the excessive 
and rapid changes which occur during the passage of a cyclone. These last are, however, 
altogether exceptional, and will not he further referred to in the present discussion. 

In the two former cases, it is a very unusual circumstance, in Northern India, for the 
rise or fall of the barometer in the twenty-four hours to exceed *2'"; and, as a rule, it seldom 
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cxcceas -r Tins change is, in the majority of cases, gradual, and spread nearly uniformly , 
over the twenty-four hours of the day. The rate of change due to these Tariations is thus ' 
less than the rate of faU due to the diurnal oscillation between 10 a. h. and 4 r. ; and 
hence any continuous and more or less regular movement of this kind inll not affect the 
character of the change from 10 A. to 4 p. M., but can only either increase or 
diminish its amount. The only action (omitting the exceptional cases of cyclones and other 
violent rotatory storms) which can reverse the character of the change from 10 a. to 
4 p. M.j is some sudden and more or less I’apid rise of the harometei, greater in amount 
than the daily range. One of the cases which occurred was due apparently to the 
descent of a mass of cold air. The other is, as far as can he judged from the meagre 
returns furnished by aU stations except Calcutta, probably an example of the increase 
of pressure, due to the action which almost invariably attends excessive rainfall, over 

ti'opical land areas. 

The first occurred on the 17th of June, the actual reversal taking place over a 
limited area, including Calcutta and Saugor Island. The observing stations in Bengal are, 
unfortunately, too far apart, to furnish sufficient information for the exact localisation of 
any limited meteorological phenomenon. The following hourly observations, taken at 
the Surveyor Gencrars Office and the Meteorological Office, Calcutta, give the elements > 
of the atmospheric changes at that station during the day. The only column which may 
require explanation is the third column. The curve of the diurnal oscillation for the month 
of Juno has been obtained, with considerable exactitude, from the observations of 24 years 
at Calcutta. Hence, the deviation at each hour of the day from the mean barometric 
height, due to the diurnal oscillation, is known. The figures thus^ obtained, for each hour 
of the day, have been added to or subtracted from the figures of column 2, to give column 
3, which thus represents the changes of atmospheric pressure, freed from the effects of 
the normal diurnal oscillation, and gives approximately the changes due to any other 
causes acting at the time. 


Table I . — Results of hourly observations iahen at the Siirvei/or General’s Office, Calcutta, on the 

mil June 1876. 


Tiui. 

Barometer 
rcJaccd to 33’. 

Atraospherifl 
pressure cor-- 
rected for Daily 
Haoge. 

Dry balb 
Tberaoincter. 

TVet bulb 
Thermometer^ 

DryThennometer 
above Wet. 

Pressure of aque- 
ous vapour* 

WlSD. 

Biiection. 

dniioc 

previons hour. 

Xridniglit 

20'5G5 

•550 

So'o 

83-6 

1 

1-9 

1-114 

i s. 

1 

1 

•513 

[ *51-1 

So’o 

83-5 

2-0 

1-120 

s. 

s 

2 

•538 

•54-4 

85-4 

83-4 

2-0 

1-llG 

s. 

5 

3 

•518 j 

■533 

85-2 

83-2 

20 

1-108 

s. 

5 

•1 

: ‘523 

•540 


S3e 

20 

1-101 

s. 

4 

5 

•533 

■541 

S4-8 

83-0 

1-8 

1-104 

S. S. E. 

4 

C 

•519 

•542 

85-3 

83-2 i 

2-1 

1-107 

s. 

4 

7 

*559 

•537 

8G'o 

84-0 

2'5 

1-131 

s.. 

5 

8 

•576 

•552 ' 

88-3 

84-7 

3-6 

1-143 

s. : 

9 

9 

•570 

•534 


8o-0 

5-5 

1-128 

s. s. w. 

13 , 

10 

•572 

•531 

92-1 

86-0 

6-1 

1-159 

s. s. w. 

5 
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Table I . — Kesnlii of olservations taken at the Surveifor Generates Office, Cahutia, on ike 

17th June 1S76, — concluded. 


- 


Atmespherio 
pressure cor- 
rected for Paily 
, 'Bange, ' 





TVikt), 

XlKE. 

( 

Barcmcter 
tedBced to 32=“. 

Dry bulb 
TUcrmometcr. 

' 

IVct bulb 
TUennometer. 

1 

Dry Tliermomctcr 
above Vet. 

- - J 

Pressure of flqtKs 
0U3 vapour. 


Slilos during 
previona bour. 

11 

' 5 CG 

•533 

92-5 

85 - 5 ^ 


1-128 

s. s. w. 

7 

Ifoon. 

•623 

•504 

’ 93-7 

85’5 


1-112 

w. 

10 

13 

•578 

•578 

81-8 

78-8 


•943 

E. 

16 

14 

•607 

•627 

78-6 

77-6 

1-0 

•930 

S. E. 

20 

15 

.•600 

•639 

77-6 

7g-o 

1-0 

•899 

S. s. B, 

16 


• 5 S 2 

•636 

78-0 

76-7 


■901 

E. S. E. 

14 

17 

•589 

• G 4 rl 

780 

76-8 


■905 

S. E. 

10 

18 

*595 

•610 

78-0 

76-8 


•905 

S. E. 

13 

19 

-590 

•615 

77-4 

76-0 

09 

•900 

S. s, E. 

9 

20 

•583 

•586 

77-4 

76-4 

1-0 

•895 

s. 

8 

21 

•599 

•585 

77-4 

76-4 

1-0 

*695 

s. 

15 

22 

•618 

•692 

77-3 

76-3 

10 

‘ -892 

s. s. w. 

13 

23 

•626 

-601 

77-1 

76-4 

0-7 

•899 

s. 

8 


The first minimum of the day occurred between 3 and dj A, M. ; the lowest reading 
(corrected for temperature) taken at 3 a. m. being 29'518''. The first maximum was at 
9 A. 3J., when the corrected reading was 29*576''. The rise during this period was normal 
in character and amount. The very slight differences in the figures of column 3, from 
midnight to 11 A. M., establish the fact of the absence of any irregular disturbing action 
during this interval. Prom 9 A. ar. the barometer fell in the usual manner until noon, 
the only important cheumstance in the fall being that the amount from 11 a. m. to noon, 
as is shown hy column 3, was in excess of its normal fall. At noon it began to rise 
rapidly, the actual rise from noon to 2 r, M. being -OSdi". It then fell very slightly until 
4 v. M., when the corrected reading was 29*582’, being *006" higher than at 9 a, sr. 
The Saugor returns present the same feature in a much more marked form. The read- 
ings (corrected) taken during the day at that station were — 


10 A, 31. ... 


29-593 


4 P. M. ... 


• 99 


• « « 


29-640 


giving an actual rise of *053’. Column 3 of the Calcutta observations shows that this 
was due to an irregular disturbance, producing at that station a virtual abnormal rise of 
the barometer from 12 to 15 hours (noon to 3r. ii.), amounting to *135", and followed 
by a much slower and gradual fall. 

The amount of rain registered at Saugor Island at 4 p. ji. was 1*5'', and at 10 a. m. 
of the following morning ’T, The rainfall at Calcutta registered at the same times 
was *81" at 4 p. ir. on the 17th and *22" at 10 a. m. on the 18th. The amount of the fall 
at Calcutta was thus almost exactly half that at Saugor Island 
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Heturning to the Calcutta hourly observations for the day, it Trill he ohserred that 
the foUoTring changes occurred simultaneously during the horary interval noon to ^ 
1 p. M. : — 

j?irsf . — rise of the barometer from 29'523" to 29*578% representing an increase 
(freed from the effect of the diui-nal oscillation) from 29'o04'' to 29*578' 
or of •074". 

Second , — A very rapid and decided fall of temperature of the air in the shade, from 
93-7» to 81-8'’. The diminution of temperature of the air diu'ing the 
hour Tvas thus 11*9''. 

Third . — An equally sudden decrease of the tension of the aqueous vapour present 
in the lowest stratum of the atmosphere, from 1*112' to 'QlS'—a 
change of ‘169% or of 1*68 grains weight of vapour in the cubic foot. 

Fourth . — A change of wind direction from west through north to east, accom- 
panied with a considerable increase of wind velocity. ' This change, 
as shown by the trace of the Beckley’s self-registering anemometer at 
the Meteorological Office, was almost instantaneous. 

These rapid and decided changes in all the elements of the atmospheric condition 
were followed by a fall of rain, which commenced at 1-10 p. m. and'continued for several 
hours. Unfortunately, the self-registering rain-gauge at the Surveyor General’s Office, 
Calcutta, went out of order almost immediately after the rain began ; consequently the 
continuous record of rainfall for the day is wanting. 

The second table gives the actual readings (corrected), taken during the day, at the 
observing stations in Lower Bengal and along the coast of the Bay of Bengal. 

Table II. 






Hour. 

Barometer. 

Temperature. 

■Wind Direction. 

Vapour Tension 

Port Blair 

« t 4 



10 

29-82? 

84- 

S. W. 

•993 

Madras 

4 « « 


« a 4 

16 

751 

84-5 

s. w. 

•9G2 


• .. 

• «. 

10 

814 

88-9 

S. W. by W. 

■672 



* *4 

44. 

16 

686 

97-9 

*44 

•622 

Akyab 

■ • 4 

a *4 

• 4 4 

10 

740 

81- 

w. 

•958 


« a « 


a 4 4 

16 

GGO 

82- 

s. w. 

•941 

False Poiut 

» • a 


••• 

10 

622 

92-0 

w. 

•903 


« « « 


4 

16 

550 

890 

s. w. 

1-029 

Cnttack 



• % • 

10 

544 

95-2 

W. S. TV. 

-817 

•l 



i • « 

16 

469 

97-5 

W. 

■743 

Saugor Island 



4 .• 

10 

594 

91-7 

s. w. 

1-121 

tl 

* * • 

... 


16 

645 

76-0 

N. E. 

■872 

Chittagong 

* # 4 


4.4 

10 

606 

87-4 

E. 

■945 


4 » • 


... 

16 

530 

85-9 

S. W. 

•993 

Calcutta 

... 

... 

... 

10 

572 

92-1 

S. S. TV. 

1-160 



• a. 


16 

682 

780 

E. by S. 

•901 

.7 essoro 


* ■ 1 

... 

10 

690 

89-2 

S. 

1-146 

It 

... 

a a • 

• a • 

16 

584 

75-9 

S. S. TV. 

‘ '855 

Dacca 

... 

a . * 

• . . 

10 

619 

89- 

S. 

1-041 


... 

a a • 

a a a 

16 

672 

77-8 

Calm. 

'860 

Silcliar 




10 

629 

84-5 

E. 

•939 


» • 4 


a 4 ■ 

16 

484 

910 

E. 

*898 


Bain. 


0-42 

0- 03 

1- 34 


2-10 

1*03 

3-21 

1-12 


This table indicates that the same characteristics prevailed at Dacca' and Jessore as 
at Calcutta, on the 17th. It is probable that the changes also occurred in the same order 
as at Calcutta ; and that the area, over Tvhich the disturbance extended, included the 
southern portion of the Deltaic area, and stretched to some distance south of the coast. 









TaHLK llh—Gh'iiiff th mean nlmospftenv pressure, imperatare, tohil tdrecfwn, raponr /eiistoit, aud rahifall, at stations on or near the coast of the Ban of 

, Bengal, from the lOlh to 21s t of June 1870, 
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' The fliii'd table {preceding page) gires the mean daily atmospheric pressure, tempera-, 
ture, n’ind direction, Tapour tension, and rainfall of eleven stations on and near the coast of 
the Bav of Bengal, for the period Juno lOfeh to June 21st. It presents one or two features 
of importance, which bear indirectly on the q^uestion ; and which as I believe they have not 
been noticed before, I . shall give more prominently than they perhaps deserve in con- 
nection with the present question. 

The mean atmospheric pressure at Madras during the month of June obtained from 
the barometric readings of 7 years is :i9*677"', and that for Saugor Island is 29’66r'. 
Hence, the mean baric difference for the month between Saugor Island and Madras is 
•116". Similarly, as the mean atmospheric pressure at Port Blair for the month is 
29-718", the mean baric difference between Saugor Island and Port Blair for the month 
of June is *167". 

Keferring to the table, the following will be seen to be the daily baric differences for 
the period in question, the pressure at Saugor Island being always the lower ; — 


Sladrns aiul Saugor Port Blair and 






Island. 

Saugor Island. 

10th 



« » t 

•072 

•054 

11th 


. . 

.. . 

•069 

•075 

12th 


« • « 

... 

•065 

•073 

13th 



. , . 

•043 

•083 

14th 



... 

•093 

•143 

15th 



... 

•139 

•172 . 

IGth 


• • • 

« • « 

•175 

•219 

17 th 


99 0 

. • . 

•155 

•183 

mh 



• * . 

•172 

•191 

19tb 


... 

... 

•211 

•257 

aoth 


t m • 

» > • 

•259 

•319 

21st 



• • • 

•250 

•303 


Hence, from the 13th to the 16 th, there was a rapid increase in the baric difference 
between Bengal and the mid-Bay, (as indicated by the above,) when it was considerably 
above the mean. This was followed by a slight fall until the 18th, after which, it 
continued to increase rapidly until the 20tli, when it was more than double its usual 


amount. This increase of baric gradient between the mid-Bay and the coast and 
interior of Bengal, is an almost invariable antecedent and accompaniment of heavy rain- 
fall during the lainy season. It is, moreover, probable, that these variations of baric 
difference, osciUatory in their character, between the mid-Bay and the coast region of 

periods of exceptionally heavy rainfall along the coast of Bengal. 
The followmg three cases, selected at i-andom, will suffice to indicate the connection 
w ich appears to exist between the changes of relative pressure for the Bav and Bengal 
dnrmg the rainy season, and the distribution of rainfall along the coast region. 


r**t. 
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The two following tables givs the baric differences for two months — October 1871 
and June 1871' — and tlie rainfall at seyeral of the stations at or near-the northern coast of 
the Bay of Bengal. . 

Table T^.—OctoUr 1871. 



DiEIC DltFEKEITCB. 



InCRES OF EilKFitl,. 

t 

! 


t 



Siupor Is?3nd to 
Port Blair. 

" 

Saoiror Island 
to Itladras. 

A-tjal), 

Cot’s Baaar. 

Cblttagone. 

Noathally. 

Saugor Island* 

Chcrra 

Fooojec. 

False 

Point. 

Bowlat 

Kliao. 

1 

— •027 

— •019 

«<« 


0-04 

... 



... 

• . « 

2 

— -028 

— •021 

»•* 

• »• 

0-20 

0-31 




. ■ * 

3 

— •006 

' — -023 

» » • 


0-21 





t « • 

4 

+ -010 

— •032 

... 

fe k • 





... 

... 

5 

+ '021 

— -OoS 


• • • 

... 




... 


C 

— •003 

— -033 

,,, 


... 



... 


•-* 

7 

,-f -007 

— •035 

tr- 

• • • 

... 



... 



8 

' + -002 

— •060 

0-09 

• •« 




• . ♦ 



9 

— •021 

— -066 

0-30 








10 

— •053 

— •034 

006 

0-02 

012 

0-06 


... 


. .4 

11 

— •061 

— -029 

0-51 

0-12 

« .« 

0-16 


040 

O'SO 

0-71 

22 

— •077 

- -Oil 

0-50 

0’* J 0 

013 

I’lo 

2-02 

2-50 

1’69 

S'lO 

13 

— 003 

+ '015 

0-26 


1-40 

3-42 

1-46 

7-27 

1‘80 

0-10 

14 

+ '037 

+ -044 

1-36 

... 

005 

0-08 

004 

010 

... 

... 

15 

+ 070 

+ -021 

« • « 

* •« 

• •• 

0’12 


... 

1-00 

0’68 

16 

+ -076 

+ -003 

• • » 

« * « 

••• 

003 


003 

... 

0-10 

17 

+ '06 G 

— '008 


... 

0-37 

• •• 


»•* 

... 

• « « 

IS 

+ -052 

+ 015 

... 

009 

... 

... 


... 

... 


19 

■ f - '054 

+ *001 

- 

«« * 




... 

... 


20 

+ -101 

+ *003 
* 


»•* 


... 

• 

1 . . 


• * a 

21- 

+ -123 

+ *022 

- 

• • t 

... 



... 

... 

a • a 

22 

+ *116 

+ -039 

• • » 

• 4 • 


... 

« 

... 

... 

• « * 

'23 

+ *074 

+ *070 

2-84 


0-37 

007 

0-50 

I’Oo 

0*15 

• «« 

24 

+ '004 

+ *047 

0-00 

007 

... 

0*49 

11-55 

• • « 

7-40 

0-20 

2 o 

— •109 

— -000 

2-98 

0-80 

2-08 

4-89 

6-74 

0-76 

* 

8-85 

' 20 

— •088 

— •106 

2-64 

* 4-05 

3-41 

6-70 

... 

6-80 

... 

0-90 

27 

+ -Oil 

— •026 

0-97 

002 

* *• 


• ■ • 

003 

... 

* • t 

28 

+ -056 

— •016 

0-37 

... 



f » » 

... 

... 

« * 4 

29 

+ *099 

1 

o 

... 

• • • 

... 


... 

4 « 1 

• . ■ t 

a a 1 
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Table V . — June 1S74. 




Elite DirreiEwcE. 





! 


Saafor I»lnnd 
to Port Bliir. 

Patifror Jstnnd 
to Madras. 

Atj.ih (0 Fort 
Blair. 

Akjab. 

Cos’s Bazar. 

1 

j ChUtaifong. 

! 

A’oakhalij. 

IslaoiJ. 

Bacca. 

** , 

a f: 

r* C 






I 



’ 

"3 

— -001 

+ -030 

+ •02-4 

003 


... 

... 

... 


2 

‘ + -012 

+ '046 

+ ‘053 

... 



... 

•s 

• ♦4 

3 

+ -020 

+ -024 

+ -047 

0-14 

... 

... 


... 

» «■ 

4 

+ -004 

+ -018 

+ -021 

. .t 

... 

0-50 


... 

• ». 

5 

-f -020 

+ -012 

+ -051 

1-72 


0-29 

0-97 

... 

.. 4 

G 

+ -031 

+ -017 

+ -007 

0-52 


0-34 

0-96 

... 

0-07 

7 

+ 022 

— •049 

+ -077 

3-72 

0-53 

103 

... 

0'27 

0-01 

8 

+ -014 

— -023 

+ -051 

... 

0-78 

0'87 

0-01 

2-SD 

... 

9 i 

t 

+ -038 

+ -001 

+ -076 

... 

0-06 

012 

0-31 

0-73 

0;02 

10 ’ 

t 

+ -017 

— •053 

‘0-13 

0'32 

... 

1-03 

Oil 

0-86 

0-38 

11 

— 013 

— -020 

+ -010 

0-16 

0-25 

004 

- *•* 

025 

* ■ . 

12 

1 

— 034 

— •002 

"I" *015 

1-38 

0-09 

001 

0-14 

010 

... 

13 

— '017 

+ -017 

+ •017 

• •• 

0'60 

0-03 

• •• 


*>« 

14 

— •037 

— •029 

+ -022 



0-25 

O’OC 

003 

001 

15 

— •179 

— -142 

4- •045 

1’95 

• •• 



0-40 

025 

16 

— •238 

— •237 

— -080 

1-40 


O'Oo 

0-34 

.0-14 

001 

17 

— -324 

— -285 

— -074 

3-73 

0-35 

0-38 

0-13 

0 99 

♦ .» 

IS 

— -256 

— •172 

— •052 

301 

5'02 

1-34 

3-35 

3-44 

I'ln 

19 

— 183 

— -129 

— ■043 

2-90 

5-08 

0-94. 

■1-80 

0-39 

0-31 

20 

— -165 

— -095 

— -067 

ri4 

050 

0-37 

2-24 


1-50 

21 

— •171 

— •113 

— •101 

1-30 

0-50 


0-91 

• »* 

0-01 

22 

— '201 

— •152 

— ■102 

0-83 

0-12 

0-18 



O'OS 

23 

— -252 

— -204 

— '097 

4-18 

1-67 

O'OS 

0-45 

' 


24 

— ■261 

- -217 

— -140 

3-96 

3-67 

1-50 

Ool 

1-18 

0-19 

26 

— -316 

— ■296 

— -149 

1-24 

3-25 

2-74 

1'50 

0-10 

0-39 

20 

— -309 

— •297 

— •160 

3-11 

304 

0’4o 

0-37 

0-11 

097 

27 

— •277 

— -226 

— -133 

1-74 

2-78 

2-21 

0-88 


0-40 

28 

— •182 

- -137 

— 050 

0 91 

oco 

0-23 

3-68 

■ » . 

0-46 

29 

— •143 

— -095 

— -062 

003 

0-29 


0-85 



30 

— -069 

' 

— •040 



— -oi? 



« •« 

0-21 

2*60 

012 
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Our knowledge of tlie distribution and variation of atmospberic pressure in tbe 
Bay is very imperfect. Assuming, however, that the pressures at Port Blair and Saugor 
Island indicate roughly and generally the relation between the pressure of the mid-Bay 
and ,the coast of Bengal, the preceding tables seem to establish the following general 
conclusions — 


1st. — That, during the rains, the baric differences between the mid-Bay and the 
Bengal coast are in a state of continuous oscillation, indicating an action 
between the Bay and the land, oscillatory, and not constant and con- 
tinuous in its character. 

3nd . — That an increase of the baric difference, above the normal amount, is accom- 
panied or followed by the advance of a saturated current from the Bay 
to the coast. 

3rd . — ^Tbat this saturated current is determined, first of all, generally to the north- 
east, giving the heaviest rainfall to the Arakan coast, advancing from 
Akyah northwards, and gradually extending northwards and westwards 
over Bengal, 

4ih . — ^That the effect of this indraught from the Bay and the condensation of its 
: moisture over Bengal is an increase of pressure in Bengal, and (irsually) a 

slight decrease in the mid-Bay. The baric differences conseq^uently 
diminish, and alter a time, this change is followed by a partial or entire 
cessation of the heavy rainfall. 

To return to the consideration of the storm of June 17 th : the next fact, which the 
observations given in Table III illustrate, is the distribution of pressure at the time of 
the storm. 

Bming the period from June 13th to June IGth, the decrease of atmospheric pres- 


sure was — 


''At Cuttack 

« • ■ • • * 


... '0S5 

„ PalsG Point 

• • • « * « 


... -087 

„ Saugor Island ... 

• « • • » • 


... -109 

„ Calcutta 

• « • • k » 


... -099 

„ Jessore 

• • • • • • 


... *076 

„ Dacca 

• • • • » * 


... -081 

» AUyab 

# # * » »• 


... -OGO 

„ Chittagong 

• « • « • • 


... -OSS 

„ Madras 

• • r * 


... -023 

Similarly, from the 17th to the 21st, the fall was — 



At Cuttack- ... 

• • • *** 


... *036 

„ Palse Point 

• • • « « • 


... *073 

„ Saugor Island . . . 



... *120 

„ Calcutta (from the 17th to the 20th) 


... -Ill 

Jessore 

* * * • * • 


... -125 


• 

• « • « « • 


... '107 


* * 4 # • * 


... -029 

^ Chittagong* 

« * • « • • 


... *026 


These figures, consequently, show that the area, including Saugor Island, Calcutta, 
Dacca, and Jessore, was the seat of very considerable barometric oscillations, a6companyiug 
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a (listurljed state of tlie atmosj^lieric condition. The readings, reduced to sea-lcvel, 


Orissa, and Bengal. The following are 
1 June 13th to .17th 

IStli. 


lotb. 

IClh. 

17th. 

. 29-810 

29-S-ll 

29-S20 

29-837 

29-S5-2- 

•730 

•751 

•717 

•753 

•7S3 

-703 

•701 

•710 

•705 

•725 

•GSO 

•059 

•025 

•593 

“ -021 

•670 

•0-11 

•591 

•501 

•012 

•630 

•oil 

•505 

•551 

•593 

, -esf 

•C12 

•537 

•559 

•009 

•GSO 

•oil 

•590 

•000 

•035 

•023 

•591 

•533 

■537 

•002 

•031 

•535 

•577 

•009 

•oil 

es of the 

rainy season was gradually devck 


Port Blair 
Sladras 
Akyab 
False Pomt 
Saugor Island ... 

Calcutta ... 

Jessorc 
Dacca 
Bux'du’an 
Goalpara 

Hence, u'liilst one of the usual fealuri 
from, tbe IStli to the a diminution of pressure in Eeugal, and more 


especially in tlie u-cstern half of it, and over the north-west corner of the Bay, relatively 
to the middle of the Bay— there was also an area of relatively low pressure in Bengal 
itself, vhich included Dacca, Jessore, Calcutta, and Saugor Island. 

The increase of the baric gradient from the 13th, between the niid-Bay of Bengal and 
Bengal, determiued a current of moisture across tbe Bay in tbe normal direction,- namely, 
from tbe sontb-west. This is evident from tbe commencement of the rains at Ahyab 
on the Idili and 15ili. At Saugor Island, Calcutta, Jessore, and Dacca, the rains appear 
to have begun on the 17th, having been ushered in by the storm of the 17th, one effect 
of which was the apparent reversal of the afternoon barometric oscillation irnder consider- 
ation. The commencement of tlie rains, although it indicates, and was consequent on, the 
disturbed state of the atmosphere, and the increased baric difference between Bengal and 
the Bay, moi'e especially during the foi’mation and continuance of the area of loiv 
pressure of the 13tli to 17th, does not explain or account for the peculiar features of 
the introductory storm of the 17 th. 

The almost instantaneous and complete change of wind direction and the great fall 
of temperature, before tbe commencement of tbe rainfall, show that it was not - merely 
an inrush of a strong moisture current from the Bay. Tbe sudden cbtlling of the 
atmosphere, accompanied, as it vas, by an increase of pressui’e, also proves that it vras 
pi’obably not due to the internal action of a mass of air, during the condensation, 
either of the air itself or of the aqueous vapour contained in it, or to horizontal or sm- 
facG currents from the interior, whicli would necessarily have been warm currents. The 
only' possible explanation seems to be that the changes were produced by the down- 
rusk of a cold upper current, and tbat this current was the return current from 
Bengal towards the Bay, which, as Hr. Blanford, in bis Winds of Hortbern India/’ 
states, maintains tbe equilibrium of the atmospheric distribution in l^orthern India 
at this period. The existence of this return current is indicated by tbe upper cloud 
moi Ginents over Bengal, The increased relative pressure over the middle of the Bay, 
on this supposition, produced, first of all, a strong moisture- ciwrent of . considerable 
dcpvh from the south-west, in the normal direction* towards the shores of the 
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Ai’akJin coast. This probably cliecked tbe flow of the upper northerly return current ; 
and before tbe influx due to tbe diminished relative pressure bad set , in towards 
Bengal, partly as a direct current and partly by deflexion of the moisture-current from 
the Arakan coast, the centre of the area of depression was visited by a dowurush 
of the upper north-east current in a more or less slanting direction. The consequences 
of such a downi’usli would apparently he such as actually occurred, viz., an increased 
pressure for a time, a sudden and great diminution of temperature and of the tension of 
aqueous vapour, and a reversal of wind direction. As an example of the descent of a cold 
current of air, and its immediate effects on the meteorological elements of observation, it 
is very instructive. The rainfall was first of ail due to the action of the cool current 
partially intermixing with the more humid lower current ; but afterwards it was probably 
produced by the condensation of the moisture- currents from the Bay moving to the 
region of relatively low pressure., 

Brom recent investigations, it would appear that a descending current of air in all, 
except, perhaps, the most unusual combination of circumstances, would he raised in 
temperature, very considerably above tbe neighbouring strata, by tbe process of com- 
pression during descent, from tbe action of the circumjacent atmospheric strata. Physical 
calculations show that tbe transfer of a mass of dry air vertically upwards or downwards 
through a height of 183 feet, accompanied witli tbe expansion or compression necessary 
to maintain equilibrium during tbe process of ascent or descent, produces a diminution or 
elevation of temperatui'e of 1“ P. The observed decrease of temperature with height is 
much less than this, averaging 300 feet per degree Fahrenheit. If we suppose that the 
heat developed by the action of compression, in the transfer of a mass of air vertically 
downwards, is entirely expended in increasing the temperature of the mass, it will reach 
the lowest stratum as a mass of air heated considerably above the previous mass in that 
stratum, and will therefore he a hot wind. The heat in such cases maybe partially radi- 
ated into space, or, under exceptional circumstances, may be employed, during the descent 
of the mass of air, in the evaporation of condensed aqueous vapour. But if these 
actions he gradual, the arguments adopted by those who employ this method of investi- 
gation would seem to prove, that such a mass of air cannot reach the lowest atmo- 
spheric strata at a temperature lower than these strata. The sudden descent of a mass of 
cold air is, however, not an uncommon meteorological phenomenon over the greater 
part of Northeni India. 

Mr. S- A. Hill, Meteorological Beporter to the Government of tbe North-West Pro- 
vinces, has directed my attention to a local atmospheric disturbance at Allahabad, almost 
identical, in its meteorological character and phenomena, with the Calcutta storm already 
discussed. The following account is drawn up mainly from notes furnished by Mr. Hill ; — 

There was a very extensive atmospheric disturbance in India and the Bay of Bengal 
from the 5th to the 16th of October. One feature of this was the Vizagapatam cyclone, 
which was formed iu the Bay, on the 5th of October. It travelled slowly across the Bay 
in a west-north -west direction^ strikiog the coast a few miles north of Vizagapatam, on 
tbe morning of tbe 8tb. 

The cyclonic disturbance passed onwards, parallel to the coast, along the base of the 
Eastern Ghhts, on the 8th ; and along the eastern edge of the liighland of the Chutia 
Nagpore district on the 9tb. On this day, and the 10th, a considerable rainfall occurred 
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in the eastern half of the North-West Provinces, more especially in the iUIahabad, 
Jauupor, Azimgarh, Sultanpore, and Purtabgarh districts. 5*26 inches foil, on the 9th, at' 
^ahahad ; thi°s being the heaviest recorded rainfall during this period. The disturbed 
state of the atmosphere continued for - some days. ■ On the 13th and 14th severe hail- 
storms occurred at the suh-Himalayan stations. On the evening of the 14th, the atmo- 
spheric disturbance, parallel in its phenomena to the Calcutta storm, occurred at 
Allahabad. 

The following is Mr. HilTs account of it :~ 

*‘On the 14th, hourly readings of the barometer and thermometer were taken, 
from which it appears that, in the morning, the temperatiu-e and pressure varied 
in the normal manner, though the elastic force of vapour was increasing much more 
rapidly than usual. At 4 p. m. the barometer read somewhat lower than usual. 
The barometric changes were, however, quite regular up to 4 P. ii. The variations 
of temperatui-e and vapour tension were also fairly regular up to 3 P. M. Prom 3 p. m. 
to 4 p. M. the tension of vapour increased from *704" to *840", the temperature at 
the time falling somewhat more rapidly than usual. During the next two hours the 
temperature fell rapidly, and the vapour tension remained nearly constant. At the 
same time curiously striated clouds began to make their appearance at a considerable 
height in the atmosphere. They appeared to be coming in quickly from the north-east. At 
6 p. M. thunder and lightning began, the surface wind being still easterly. Prom G p.m. 
to 7 P‘. M. there was a rise of a degree in temperature, whilst the barometer was rising 
much faster than its usual rate. About a quarter past seven it commenced to blow 
violently from the north-west, and at 7-30 P, M. rain began to come down, though not 
in any considerable quantity. The rain continued until a few moments after 8, at 
which hour the barometer stood higher than it did at 10 a. m. Prom 7 to 8 p. M. the 
temperature fell through 11*2° and the tension of vapour fell to the lowest point it reached 
during the day. During the fall of the rain, the humidity does not appear to have ever 
exceeded 91 or 92. The ivind commenced to blow from the north-west, hut at the end 
of the storm it had veered round through north to north-east. Prom 8 to 12 P. M. the 
pressure fell through -040", hut there was a slight rise at 11 p. M. The temperature 
and vapour tension rose again at 11 p. m. to something like their normal amount. The 
Bareilly observer reports that, during the afternoon, there was a hail-storm with high wind. 
Some of the hail-stones were very large, and broke the solar radiation thermometer. 
The Delhi Gazette also reports a severe hail-storm at Debra, somewhat earlier in the day. 

‘*The barometric curve for Lucknow, on the same day, is quite regular, -except that 
it was very low at4p. m. and did not quite recover its normal height at 10 p. li. The 
winds at Lucknow were southerly up to 5-16 p. m., when a dust-storm from the north 
and north-east came on ; this was succeeded by a slight drizzle from 9 to 10 P. M. ; and 
there was thunder and lightning towards the north, all the evening. 

Por three or four days afterwards, there was a tendency to a similar storm in the 
evening. About 6 p. ir. it commenced to get cloudy, and lightning appeared in the 
north-north-west and north-east. On the ISthi, there was a repetition of the phenomena 
m almost exactly the same order as on the 14th. At 10 A. ii. on the 16th, the 
reduced reading of the barometer was 29-663, at 4 p. m. 29-691, and at 8 p, m. 29-720. At 
the same time, the temperature fell as it had done the day before, and a few drops of 
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rain- came doTm. After these disturbances entirely ceased-. I think we baye 

here clear proof that this atmospheric disturbance was merely local and temporary, 
and, moreorer, that it was in some way connected with the time of the day. In accord- • 
ance with your suggestion, I have made out the barometric differences between Allaha- 
bad and the neighbouring stations. I hare no data for sereral of the stations, to find the 
abnormal variations ; but as tbe disturbance was a purely temporary one, I think the plan 
I hare adopted will give a fair result. I hare calculated, the mean difference for the 14th 
and the four or five preceding days (in most cases including the 15th also), and called these 
the normal differences. The abnormal variation from this standard on the 14th, especi- 
ally at 4 p. M,, shows clearly, that Allahabad was, that day, a centre of low pressure, and 
that the pressure in the surrounding regions was highest to the north-west. It is pro- 
bable that, in tbe middle of the afternoon, Lucknow was in much the same condition. 

“We hare not very far to seek for the cause of this low day pressure, especially at 
Allahabad. Luring the first ten days of the month there was heavy rain in the Allaha- 
bad district, while, all round, the rain was either slight or altogether wanting. The result 
was rapid evaporation during the hottest hours of tlie day, as shown by the rapid rise in 
vapour tension from 3 to 4 p. ii., followed after sunset by a still more rapid fall.” 

The following chart gives graphically the changes which actually occurred : — 
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The most important features in the atmospheric changes before and during the storm 
were — 

l 5 ^. — A rapid and abnormal rise of pressure between 6 F. M. and 9 p. M. The rise 
was *03" between 6 and 7 p. h. and *005" between 8 and 9 p. M. 

2nd.— A sudden diminution of tbe tension of aqueous vapour from G to S p . m . 
The decrease between 6 and 7 p. m. was TO 7", and between 7 and 8 p. 
‘OQS’', giving a total decrease of '205" in two hours. 

3rd.— A rajiid fall of temperature of between 7 and 8 p. M., following a slight 
• increase of 1“ between 6 and 7 p. m. 

' 4:ih.~A reversal of wind direction at 7 r. M. from east to north-west. 

a(/t, A fall of rain, insignificant in amount, commencing at 7-30 p. m. and lasting 

half an hour. The rainfall was thus subsequent to the above changes, and 
not a parallel phenomenon in order of time. 
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The Calcutta and Allahabad storms thus present identical features in the folloTring 
points— increased pressure, diminished temperature and vapour tension, and reversal of 
vind direction followed by rainfall. And, as in the case of the Calcutta storm, the obser- 
vations show clearly, as pointed out by Mr. Hill, that Allahabad and the neighbouring 
districts formed, on the day of the storm, a region of low pressure relatively to the adja- 
cent districts of Northern India. 

The following. are the barometric readings of that day, at the observing stations in 
the North-West Provinces, corrected for temperature : — 
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The following table, referred to in Mr. Hill’s account of the storm, will show that, at 
4 r. 11 ., when temperature and vapour tension were falling, Allahabad was the centre 
of a region of low pressure, extending as far as Lucknow; while at 10 A. M, when the 
temperature was rising and vapour tension increasing, the pressure at ^Allahabad, 
compared with most of the surrounding stations, was high. The normal barometric 
differences in the table are calculated from the means of the month. 
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The changes in the meteorological elements at Allahabad, before and during the storm, 
and the occurrence of hail-storms to the north-west, appear to indicate clearly, that the 
immediate cause of the storm was the downrush of a mass of cold air, in a more or less 
slanting direction, to a region of relatively, low pressure at the earth’s surface. It 
appears, therefore, highly probable that, under certain exceptional distributions of 
pressure at and near the earth’s surface, a downrush may occur from a higher stratum 
to an area of low ' pressure ; and that, when this occurs, it may be accompanied hy a 
rapid and considerable increase of pressure, and diminution of temperature and of 
the tension of aqueous vapour. ' 

The second case of the apparent reversal of the barometric mid-day oscillation 
occurred at Chittagong on the 10th of July. - 

The ■ following table gives the observations at Chittagong and the neighbouring 
stations for the 18th and 19th J uly : — 
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The table shows that the actual reversal occurred over a very limited area, which 
included Chittagong, but did not extend to the neighbouring meteorological stations of 
Dacca and Akyah. The very small amount of the mid-day oscillation at these stations, 
however, confirms the fact of the actual reversal observed at Chittagong. 
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The first prominent feature in tlie meteorology of the period J uly 13tli to 21st irns 
the excessive rainfall wLicli occurred over tlie whole north-east coast of the Bay of Bengal 
and the adjacent districts of Bengal, Table VII gives the rainfall at each of the revenue 
stations recording rainfall, in the Dacca, Chittagong, Jessore, Mymensing, and Bacher- 
gunge districts. It will be observed that the heaviest rainfall occurred on the 17th and 
18th in the Akyab and adjacent districts, and on the 19th and 20th in the Chittagon", 
Backergunge, and Dacca districts ; and that the rainfall of the 19th was exceptionallr 
heavy over the whole of the Jessore, Dacca, and Backergunge districts, and at Noakhally 
to the west of Chittagong. 

Table VII. 
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0-43 

0-38 

1*70 

0*70 j 

9*45 

0*10 


12*76 



1 Dowlatkban ... 


0-70 

0-80 

0*90 

0-45 

7'4G 

0*40 

0-32 

11*03 


( 

Perozepore ... 

• ■ » 

0-90 


0*50 

0*42 

3*60 

0*40 

0*10 

6*92 





Akyab 

**• 

2-76 

2*55 

1-76 

7*12 

247 

0*21 

2*94 

4 

19*80 


. ... gx, iue,an aauy atmospheric pressure, temperature, wind direction, 
the riprinT 1 rainfall at stations along and near the coast of the Bay for 

the period July 10th to 23rd. ' 
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Tlie following comparison will sliow tLat, ilie excessive rainfall, in Bengal, during 
the period July 15th to 21st, was due to a relative excess of pressure over the mid-Bay 
and that this excess induced very strong moisture- currents towards the north-east 
corner of the Bay. The absolute minimum of pressure was at this time over tlie 
Dacca and Jessore districts. 

The mean baric difference between Saugor Island and Port Blair, for the month of 
July, is T74", and between Saugor Island and Madras *155", the pressure at Saugor 

Island being throughout the low^er. 

The daily baric differences for the period July 12th to 23rd were— 

Saugor Island to Saugor Island 





Port Blair. 

to Madras. 

iSth 


a * « 

•177 

•154; 

13th 



•202 

■167 

14th 


a a a 

•240 

•206 

]5th 

4 * • 

a a • 

... -250 

•233 

ICth 

• • 4 

a 4 a 

•266 

- -207 

17th 

« » • 

• a a 

•313 

•269 

18th 

• * • 

a 4 a 

*312 

•252 

19th 

* • • 

» • a 

•216 

•202 

20th 

• a • 

4 • 4 

■167 

•132 

21st 

• a • 

a a • 

•151 

•166 

22nd 

•44'^ 

4*4 

•171 

•236 

23rd 

• • 4 

a a a 

•253 

, -256 


The baric difference thus increased steadily from the 12tb to the 17th, when it was 
nearly double its normal amount. On the 19th it was much smaller, the change being 
mainly due to a rapid rise of the barometer in Bengal. 

A comparison of the atmospheric pressure at Chittagong and Akyab with that at 
Port Blair, presents the same features. The normal baric difference, during the month 
of J uly, between Akyab and Port Blair is *014" ; and between Oliittagong and Pprt Blair 
•170'. 

The daily baric differences for the period July 12th to 23i'd were — 


July 

12th 


Akjrab to Port Blair. 

... -058 

Cliittagoag 

•173 

9} 

13 th 


a a a 

•055 

•211 

U 

14th 



•070 

•216 


15 th 


a a a 

•102 

•230 

JJ 

16 th 

4 • • 

« a a 

•109 

. -268 

99 

17th 

a« a 

4 a * 

•140 

•300 

9* 

18th 

• a a 

4 4* 

•093 

•297 

99 

19th 

4 4a 

a a a 

■ -015 

•153 

99 

20 th 

• • • 

■ * 4 

•062 

■144 


2l6fc 


a a a 

•068 

•162 

93 

22nd 

4 4* 

4 4 4 

•085 

•164 

99 

23rd 

a a a 

* a * 

•142 

•224 


The phenomena of heavy rainfall in Lower Bengal, (see pages 127, 128) are also 
shown in the rainfall of the 16th to the 20th July. The baric difference between Akyab 
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and Port Blair was greatest on tlie iHli, wlien it was more than three timesPts normal 
amount for July. On the l7th and 18th very heavy rainfall was experienced at Akyab, 
the amount for the two days being 12'27 inches. The barometer also rose rapidly from 
the morning of the 17th, when it was at its lowest. Again, the baric difference between 
Chittagong, Jessore, Dacca and Saugor Island, and Port Blair, was greatest on the 17th 
■and 13th. This was followed by an exceptionally heavy and widely extended rainfall on 
the 19th, and by a simultaneous rapid increase of atmospheric pressure. It was to this 
increase of pressure, that the inversion of the mid-day barometric oscillation was appar- 
ently due ; the amount of, the rise, during the period 10 a. m. to 4 p. m. at Chittagong, 
being absolutely greater than the fall due to the ordinary recurring causes which pro- 
duce the diurnal oscillation. 

The following are a few of the main features of the distribution of the barometric 
pressure, during the period July 16th to 20th. The readings of the following stations, 
reduced to sea-level, are — 


J 


mh. 


IStli. 

19Ui. 

20th. 

False Point 

• • . 

29-559 

29*514 

29*493 

29*580 

S9*671 

Saugor Island 

« • « 

•491 

•462 

•456 

•539 

•643 

Calcutta 


•488 

•456 

•447 

•559 

•640 

Jessore 


•441 

•441 

•434 

•595 

•640 

Dacca 

• « « 

•511 

•497 

•484 

•630 

•664 

Akyab 

* « # 

•664 

•651 

•691 

•756 

•764 

Chittagong 

• • « 

•577 

•561 

•557 

•688 

•752 

Madras 

« 4 • 

•775 

•748 

•724 

•757 

•791 

They show that the pressure 

was tery low 

in Bengal, 

and that the minimum of 

pressure was over Jessore 

on 

the 16th, 

17th, 

and 18th. 

The 

pressure diminished 


very slightly during these days, hut increased very rapidly on the 19th, the amount of 
the increase being greatest in the actual region of heavy rainfall of the 19th. Thus, for 
Jessore, the amount of the increase of atmospheric pressure was ’161", at Dacca *146", 
and at Chittagong (adjacent to Noakhally, where the heaviest rainfall occurred) it was 
•131"; at Saugor Island it was only ’083"* and at Akyab *065". The rapid rise of the 
barometer, which accompanied the heavy rainfall of the 19th, and which was greatest in 
amount in Jessore and Dacca, did not occur simultaneously with the mid-day fall of the 
barometer, due to the diurnal oscillation. Hence, at these two stations, although the 
character of the raid-day oscillation was not altered, the amount (due to the opposing 
combined causes) was unusually small. At Dacca it was ’038" and at Jessore *015". 

There is little that calls for notice in the wind direction or velocity at the various 
stations during this period, except in so far as they confirm the existence of a strong 
current from the Bay. 

The wind directions, at the coast stations, were nearly parallel to the line of the 
coast. Thus, at Akyab, they were south-south-west ; at Chittagong, south and south-east ; 
at Dacca, east ; and at Jessore, east or east-south-east ; while at Madras and Cuttack, they 
were soutii-soutZi-wesfr or south-west. The winds at Chittagong, Dacca, and Jessore show 
the direct infiuence of the hills in deflecting the current. 
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The meat! liourly wind velocities for each dav, during this period, at the following 
stations, were— 



> 


1 asth. 

16ili. 

17th, 

[ 

J8tb. 

19th. 

20th. 

Akyab 


4-2 

3-7 

1 

2-9 

8-7 

60 

4-2 

i' ~~ 

2-? 

Chittagong 


8'1 

9-2 

90 

i 

10-7 

86 

9-9 

5-7 

Drtcca... 


11-1 

126 

8-9 

7-7 

2-1 

3-7 

S'a 

Jcssore 


5-9 

4-1 

4-2 

4'5 

4'7 

6-9 

4-5 

Saugor Island 

1 

9'7 

23-0 

21*8 

27-2 

1 

28 9 

21‘2 

14 0 


Mean velocity per Jmw for July, 


Akyab ... 

• • » 

• • • 

4*0 iniles. 

Chittagong 

• • « 

• • * 

... 7-G „ 

Dacca 

. . . 

* • • 

... 7'1 j. 

Jessore 

« • • 


... . 5*3 J, 

Saugor Island 


« « • 

... 15-5 „ 


These figures fui'ther establish the fact of the strong atmospheric current from the 
Bay, during the period, from the 14th to the 18th, of increased baric difference between 
Bengal and the mid-Bay. 

One peculiar feature in connection with the wind deserves record. At Calcutta, the 
continuous registration of wind by a BecMey’s anemometer . shows that, on the 19th, 
until 11-40 A. M., the wind direction varied very slightly, the mean direction being south- 
south- west. At that time, it veered suddenly round to west-north-west, returning to its 
normal direction south-south- west at noon. The oscillations of the wind-vane were consi- 
derable from that hour until 6 v. M., the wind veering between south and west-south- 
west. ‘Whether this was due to a slight influx from the region of slightly increased 
pressure to the west, would probably he very difficult to determine. It, however, seems 
to indicate this. 

The continuous observations, taken by the photographic process, at the Aliporc 
observatory during the year 1877, have ah’eady thrown fm*tlier light upon the meteorolo. 
gical conditions and phenomena of the class of storms known as north- westers in 
Calcutta, of Avhich the storm abeady discussed was an example. 

During the last week of May and the first three days of June, a succession of these 
storms occurred. They were all characterised by meteorological features similar to those 
of the Calcutta storm of June 6th, 1876. Thefiast of this series of nortli-westers occiured 
on the 26th of May, the second on the 28th, the third and fom’th and fifth on the 30th 
and 31st of May and the 1st of J une, and the sixth and last on the 3rd of June, They 
all happened at the same time of day, between 6. p. m. and 9 p. m., and lasted for vciy 
nearly the same interval. The recurrence of these storms, for a period of a week, is one 
of many examples of the delicate adjustment of the meteorological conditions, and 
actions and reactions in tropical countries. It also indicates that they were connected 
i\ith and partly dependent on diurnal changes, either of pz’essure, temperature, amount 
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of ac^ueoiis vapour, or vrud direction. The ■whole series of six present identically the 
same phenomena. These are — 

First . — considerable and rapid rise of the barometer, varying from •08"' to 
*15". 

Second. — A very rapid decrease of temperature, usually amounting to 10° or 
12°, the greater part of Trhich al'ways occurred very suddenly, being 
registered by the thermograph in less than ten minutes. 

Third. — Ajl equally rapid and simultaneous decrease in the tension of the aque- 
ous vapour present in the air. This decrease varied from *15" to ‘2." 

Fourth , — An almost . instantaneous reversal of -wind direction accompanied 
by -a very considerable increase in its velocity. The ■wind veers 
through from twelve to twenty-four points of the compass, and at 
the end of the storm usually returns to its former direction. The 
wind velocity in the violent rush which immediately precedes and 
ushers in tlie storm proper occasionally amounts to fi’om 40 to 60 
miles per hour. 

Fifth . — ^These phenomena are generally followed by a shower of rain, which 
seldom exceeds in amount half an inch. 

The cloud movement which precedes and accompanies the storms is exceedingly 
complicated, and indicates violent and rapid action and motion in the higher atmospheric 
' strata. Observations on this point are yet much needed, and will probably throw very 
considerable light on the character of the atmospheric action in the upper strata. 

The following notes, taken by Mr. Blanford, of a storm of tliis class on Apiil 24th, 
i868, iudicate the character of the cloud movement : — 


Hour, 

Wind, 

16h.— 10 m. 


'S. 


3> 

27 m. 

* • 1 

Variable 

• •• 

rf 

35 m. 

*•# 




37 m. 



• • ■ 


52 m. 

• »» 




58 m. 

« • « 


9*4 

I7h. 


* » ■ 


• ■ « 

S3 

2 m. 




it 

5 m. 

p •« 


^ * * 

' St 

8 m. 

** ■ 


*9 ■ 

s> 

10 m. 



• • • 

i> 

26 m. 




ss 

40 m. 

**• 


... 

it 

45 m. 

• »» 

... 



Movement of Clouds. 


Overcast. Heavy low masses of cumulo-stratus v/ith edges in cirnis 
like fibres (apparently attracting each other) passing from South-West 
to North-East. 

Lower clouds in patches and ragged ; very low, moving from West to 
South very fast. Upper masses moving more slowly and apparently 
from South-West to North-East. 

Clouds higher. 

Clouds high, r.igged patches moving slowly from South-West, 

Clouds as before, moving from West to East. 

Thin ragged patches of low cloud mo-ving faster from West to East. 

Low thin ragged masses of cloud moving round. 

Ditto ditto ditto much thicker. 

Lower clouds moving North to South in zenith, edges of ditto North-East 
to South-West. 

Lower clouds nearly melted away, moving from North-West to South-East. 

Clouds higher and lighter, moving slowly from North-East to South-West. 

Cloud forms distinct, sheaf-shaped bundles of cirrus moving from North- 
West to South-East, or West-North-West to East-South-East, slowly. 
Height mtich as before. This seems to be the thickened edge of a mass. 

Thin folds of clouds, less ragged, still moving from West-North-West to 
East-South-East. 
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I’acsimile copies of tlie pliotogi’apliic traces of tlie bai’ograpli and tliemograpli^ 
talcen at Alipore on Alay 26tli and 28tlij are given in plate Xj to slio^v tlie inpid clian^es 
in tlie pressure, temperature, &c., dui’ing these stoians. 

The coirections for these instruments have not yet been obtained, as they liave only 
been in use for a short time.* The following tables give the elements of obseivations 
as mcasm’ed from these traces and the trace of a Beckley’s anemograph at ten-minute 
intervals during the storm. They are only, tinder the circumstances, approximately 
con'ect, the error in the case of the barometric readings probably not exceeding -OOS' and 
of the thermometiic readings 0'4'' . 


Table IX . — Result of observations taken hy the photographic process during a May 2Glh, 1S77. 







Tension of 
vapour. 

Grains of vapour 
in cubic foot. 

WiSB. 

Date. 

Hoar. 

Barometer. 

Dry bnlb. 

Wet bulb. 

1 

Direction, 

Velocity, 



Per mile. 







• 

40 

29-49S 

91-4 

83-3 

1-032 

10-00 

E. N. E. ; 

3 to 4 p. 31., 9 wile". 


5-0 

‘500 

91-2 

63-6 

1-050 

11-09 

E. X, E. 

4 to 5 p. 31., 9 mile;. 


6-0 

•503 

90*7 

84-3 

1-091 

11-52 

E. N. E. 

5 to 6 p. 3r., 9 miles. 


6T0 

•503 

90-4 

84-3 

M06 

11-66 

E. N. E. 

6 to 6'40 p. 3f., 5 milet. 


•20 

, '523 1 

900 

85-1 

i‘143 

1205 

E. N. E. 



•30 

•547 ' 

S9-9 

84-9 

1-134 

11-95 

E. X. E. 



•40 

•550 > 

89‘2 

1 

84-3 V 

ro9s 

11-55 

E. X. E. 



•50 

•547 

88o 

84-5 

ri32 

11-91 

E, N. E. 

6-40 to 7-10 p. 31 T 8 mile;. 


70 

•547 

87-8 

84-3 

1-131 

11-88 

E. 

7*10 to 8 P. 3j., 10 milej. 


'10 

'535 

87'4 

1 

83-7 

1-107 

11'61 

E. 


r=* 

•20 

•590 

87-2 

83-3 

ros8 

11-41 

E, 


i 

•30 

•635 

760 

74-8 

'848 

9’21 

E. 



•40 

•660 

76-0 

74-8 

•848 

9-21 

E. 



•50 

•650 

760 

74-7 

•844 

9-16 

7-45 to 8 r.K., 
sadden change 
from East 









through Xorth 

to X. W. 



S-0 

•700 

75-3 

73‘3 

•794 

8-61 

X. W. 

8 to 8'45 p. 3r„ 20 miles 


•20 

•655 

75-3 

73*3 

*794 

8-61 

W. X. w. 

(greatest velocity). 


•30 

'615 

75-3 

72-3 

*734 

8-18 

.*• 



•40 

•625 

75-3 

72-3 

•754 

8T8 

X. w. 



90 

•630 

750 

73-3 

*709 

8-67 

1 

, E. 

8-45 to 10 P. 31., 6 miles. 


•30 

•635 

730 

73-3 

■799 

8-67 

E. 



10-0 

•640 

75'0 

1 

73-5 

•799 

1 

1 

8-69 

S. S. E. 



iiidicat ^eater than that of the baroaieter. The horizontal white lines of the tbermogrsn 

vertical lin^L 
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Table X, — ^Results of observations taken by the self-recording instruments dnring a siorm^ 1877. 


- 



Htgeometeb. 











Vapour 

Tension, 

Grains of vapour 
in cubic foot. 




Date. 

Hour. 

Barometer. 



>vinQ Qirec- 
tiou* 

Wind velocity. 




Dry. 

Wet. 







41*, M. 

29-G35 

93'9 

‘ 82-9 

•977 

10-19 


E. 

3 T. M. to 4 p. ir., 34 










wiles of wiifd rcj^is* 






' 




tered. 


S'OO 

•642 

92-0 

' 81-8 

■950 

9-87 


E. 

4 to 5 p. 31., 54 miles. 


6-00 

•670 

89-7 

80-8 

•931 

9'85 


E. 

5 to 6 p. 31,, 9 miles. 


•10 

■680 

89-6 

80-6 

•923 

9-73 


E. 

6 to 7 r. 31., 184 miles, 










of wbich 9 miles were 


■ 








registered from 0'40 
P. 31, to 6-50 P. 31. 


•20 

■700 

so-o 

80‘1 

*907 

9 55 


E. 



•30 

.720 

83-5 

74-1 

•717 

7-63 


E. 



•40 

•725 

81-8 

74-i 

•741 

7-84 

W.fo N.N’.W. 

4 











oO 

•50 

■700' 

SO-0 

71-9 

•673 

7-25 

W. to N.N.W, 













7-00 

•735 

79-8 

730 

■727 

7-80 


N.N. W. 

7 to 8 P. Sf., 10 miles. 

CO 

C) 

•10 

•748 

60-0 

73-8 

■739 

7-96 


N, N. W. 



•20 

•752 

79-8 


•818 

8-79 


■ to 



•30 

•770 

79-5 

74-4 

CO 

8-41 


N. \V. 



•40 

•765 

79-3 

V3‘3 

•740 

7-95 

J 




•50 

•793 

79-1 

72-6 

•715 

7-67 





S'OO 

•810 

78-6 

73-3 

•750 

8'04 


W. 

8 to 9 r, 3r., 174 miles. 


•30 

•SOS 

77-1 

73-6 

•811 

8-66 


W, S. W. 



9-00 

•7S0 

79-4 

73-3 

•739 

7 '93 


s. w. 

0 to 10 P. 31., 19 miles. 


10-00 

•750 

76-0 

73-3 

•786 

8'B4 


s. 



■ The tables derived from the traces of the self-registering instruments, given above, 
show a remarhable order in the changes of the elements of observation during these storms. 
They are all preceded by a considerable rise of the barometer ; which usually ceases, for a 
time, with the violent rush of the wind that ushers in the stoian proper. The total rise 
of the barometer varies from 'T to TB". The first rise is followed by a considerable and 
almost instantaneous fah of temperature and of the tension of aqueous vapour in the 
atmosphere. In the storm of the 26th of May, a fall of 11*9" was registered in ten 
minutes by the thermograph. As the instruments are situated in a shed closed in by 
Venetians on three sides, the fourth being the wall of the observatory, it tabes some 
little time before the ah inside and the thermometer acquire the temperature of the 
external ah. It is therefore probable that the change of temperature is almost instant- 
aneous, and must therefore be due to the inrush of a mass of cold ah, which either 
drives on or tilts up the ah it is displacing. This sudden decrease in the temperature and 
in the amount of vapour present in the air is, in the few cases I have as yet had the oppor- 
tunity of examining, followed, very shortly afterwards, by an almost instantaneous change 

H 
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of wind direction and by a sudden increase of wind velocity. This is the commence; 
ment of the stoim, proper. During the storm, the wind blows in gusts of several mmates,. 
separated by brief intervals, during which it is much less violent. In all cases,’ the ^ 
barometer begins to fall with the commencement of the violent wind ; and its oscillations, 
so far as can yet he judged, seem to depend chiefly, i£ not entirely, upon the changes in 
the strength of the wind, an increase of velocity accompanying a fall, and a decrease erf 
velocity, a rise of the barometer. This is shown most clearly in the storm of May 28tli. 
The harometer rose until 6*40 p. m., after which it fell -025" during the next ten minutes; ' 
during which there was a violent rush of ’^vind, in which 11 miles were registered. 
The barometer rose again until 8*30 P. M., during which interval the wind abated, blow- 
ing at the rate of 10 miles per hour. It again increased in violence, blo™gfrom\ 
8-30 p. M, to 10 p. M. at a rate of very nearly 20 miles per hour. The barometer, during 
this, feu steadily from 29*805 to 29*760. Other north-westers that have been examined, 
seem to confirm strongly this dependence of the variations of the air pressure upon tbe 
wind velocity, during the prevalence of the storm. 

The only apparently possible explanation of the phenomena of this class of storros, 
preceded by the unusual feature of a rise in the bai’ometer, seems to be that already 
advanced in the discussion of the storm of Jnne 5th, 1876, that, frorn^ more or less 
unknown causes, there is a defect, or a tendency to a defect of pressme in the lower 
atmospheric strata, over or near the storm region ; and that from the relative distribution, 
of pressure verticaUy as weU as horizontaUy, in the neighbourhood of the storm region, 
the motion which ensues to^vards the region of diminished or diminishing pressure is not 
solely horizontal, but is due to the descent of a mass of air, from a higher strahun 
to the surface, in a more or less slanting direction. The increase of pressure, before tbe 
actual arrival of the moving mass of air and the commencement of the storm, woidd 
on tills supposition he due to what is usuaUy termed dynamic pressure, produced by the 
resistance either of the lower strata in a state of rest or of much slower velocity, ox ol 
the earth to the downward motion of the mass descending toivards it. 

The sudden burst of the storm can only be explained, hy assuming that “ the atmo- 
sphere is a viscous gas,” and (to use a recent statement of SirHeorge Diddell Airy},. 
“ it is only on this assumption that cyclonic phenomena and the phenomena of all 
rotatory storms in the hotter parts of the earth can be explained, and' that in such' 
storms there is a mass of hot air which, from the viscosity of its structure, is not able 
to rise up for a long time, until at last it rises up with a burst.” Some of the pheriomeHS 
of north-ivesters and of dust-storms in Dpper India are apparently only explicable on 
the assumption of the viscosity of the atmosphere. 

The barometer, as has been aheady stated, rises steadily, until the first onset of the 
storm, when it falls for some minntes, and afterwards oscillates in such a way as to indi- 
cate that the small rapid variations wliich occur, depend mainly, if not entirely, on the 
variations in the wind velocity. The fall of the barometer, coincidently with the sudden 
increase of the wind velocity, is in accordance with the hydro -mechanical principle, that 
the pressui-e of a gas under the same conditions of temperatee and density diminisbes 
m an increase of its velocity, North-westers in Calcutta occasionally occur at the tuae 
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of day wlien the lower surface current' changes from the land breeze to the sea breeze. 
This may he one of the causes^ hut it cannot he the main determining caiise, as they are 
exceptional, whilst the change from land to sea breezes is of daily occmTence at cer- 
tain seasons of the year. The observations, taken up to the present time, are not 
sufficient in number to establish the inference, that the primary causes are what have 
been indicated in the preceding discussion on the Calcutta storm of June Btli, 1874, 
and the Allahabad storm of October 1876 — a deficiency of pressure over a land region, 
accompanied with a greater deviation from a state of relative equilibrium of jiressure in 
a vertical than in a horizontal direction. 



Qji ijic rainfall of Benares, considered in relation to the prevailing mruU, 

' S. A. Hill, B. Sc., Meteorological Beporter to the Government of the North- 
Western Brovinces and Ondh. 

^’iiE relations of rain-freciuency and prolialjility to ndnd-clii'ection, pointed out Ijy 
jMr. H. B. Blanford in liis paper on tlie winds of Calcutta, puHislicd in tlie first part of 
these Memoirs f are so reiy curious and so unli l ce what might he expected a priori, tliat 
I have been led to enquhe whether any similar relations can he traced at up-eouutiy 
stations. At the suggestion of lilr. Blanford, Benares has been selected as a represent- 
ative station for the Gangetic plain. Por ten years past, meteorological ohsemtions 
have been taken there under the superintendence of the Principal of the College— fov 
the greater part of the time by one of the native professors ; and it is hclieved that 
the observations are perfectly trustworthy in every point ; except that, in the years 
preceding 1869, the ohsciwer neglected to register the calms. Tliis defect, however, 
wiU not appreciably alter the resultant directions, deduced by Lambert’s formula. 
For wind observations, the Meteorological Observatory at Benares has the further 
advantage of being situated on a rismg groimd, at a considerable distance from trees or 
high bnildmgs ; and the anemometer, since 1874, has been moimted on the top of the 
College at a height of nearly 80 feet from the grmrnd. Up to some ^ time hr the 
year 1871 or 1872, the instrument was in a mirch less advantageous position, being 
irrerely fixed to the top of a post about 15 feet high ; but from that time to ,1874, it was 
placed on the roof of another hnilding in the College compound, in a position not much 
inferior, as regards exposure, to that which it now occupies. The results, worked out in 
the following pages, arc based on the ohserwations of the ten years, 1SG7-7C, The first 
point to he considered will he the noianal variations of the wind ; and in the latter 
part of the paper, will he given the relations of wind to rainfall. 


Part I. — Wind Yaeiations. 

(1.) Baily variation of the wind. 

In the absence of a self-recording anemograph at any of the np-countiy stations 
of Northern India, excepting Debra, where the movement of the wind must he very 
greatly affected by the physical conformation of the district, it is to he rcgi'ctted 
that simple observations of the wind-vane have not been more frequently tehen, 
since the provincial Meteorological Depaitment was fii*st organised in 1868. The 
houily observations, commenced, in 1875, at the second-class meteorological stations, 


See ante , pp, 20, 22 . 
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TnUl remedy tlie defect in tlie course of a few years; but, at present, we are in almost 
complete ignorance of . the movements of tbe atmosphere dmiiig tlie night. Up to 
October 1875, the usual observations of temperature and pressure were taken at 
Benares four times daily, — namely, at 4 a. st., 10 a. m., 4 p. m., and 10 p. m. ; but, for 
some reason or other, the wind direction 'was ' never observed at night. The only 
information regarding the daiZy variation of the wind, to he obtained fi'om the registers, 
therefore, is simply a comparison of the direction at 10 A. m. with that at 4 p. ar. Eor 
the pm’pose of effecting such a comparison, I have tabulated the 10 A. m. and 4 P, M. 
observations separately, and calculated the resultant direction and percentage for 
each month by liamhert’s formula. The results, in the form of percentages of all the 
winds observed during the ten years, are given in the accompanying Tables I and H ; 
and a summary of the original observations will he found in the Appendix Table I. 


Table I. — Percentages of winch observed at 10 a. m. during tJie ten gears, 1867—76, tabulated under the 
eight principal points of the compass, with their resultants calculated by Lambert’s formula. 


Hoitthe,? 

DlEBCTIOUa. 

Kesuitaitts. 

K. 

N.E. 

E. 

S. E, 

B. 

S.W. 

W. 

' 

N.TV. 

Calm. 


Feicentage. 

January ... 

... 

3-2 

10-4 

16-2 

4*6 

6*2 

10*4 

39'3 

81 

1*6 

S. 89^ W. 

25*5 

Pebruaiy 

• • * 

2-5 

6-4 

14-8 

4*6 

3*2 

13*4 

42*4 

11*3 

1*4 

S. 89'^ 3' W. 

37*3 

Mcircli ... 

»•« 

2-3 

4’5 

15*2 

4*8 

90 

14*2 

41*0 

5*8 

3*2 

S. 69° 4' W, 

35-7 

April 


6-9 

S’G 

15*4 

4*9 

69 

8*7 

S9’5 

11*9 : 

2*1 1 

N, 66° W. 

31*4 

May 



9'7 

28*4 

4*5 

7*1 

6*6 

23*2 

11*0 

1*9 

N. 21® E. 

80 

June ... 



ay 

29-0 

6*3 

7*7 

10-7 

24-0 

6-3 

20 

S. 44® 4' E. 

6*1 

July 



6'4 

36*1 

6'S 

6*4 

15*5 

21*0 

26 

1*3 

S, 45® 3' E. 

36-7 

August ... 



4'5 

28*4 

5*5 

7-4 

13*2 

30*6 

49 

3*6 

S, 33® 2' W. 

14*4 

September 


4-0 

10-3 

32*0 

12*3 

70 

8*7 

18*0 

5*7 

2*0 

S. 72“ 4' E. 

20*9 

October ... 


S-5 

7-7 

17*7 

2*6 

6*5 

17*4 

31*6 

- 7*1 

3*9 

S. 79° W. 

24*3 

UoTcmber 

... 

8-3 


8*0 

3*7 

6*3 

20*7 

35*0 

87 

30 

S, 84° 3' W. 

40*7 

December 

»»* 

4-5 


14*2 

2*3 

8*7 

12*6 

40-3 

90 

2*9 

S. 83® 5' W. 

36*2 

Tear 


46 

' 


21*4 

■ 

5-2 

6-8 

12*7 

32*1 

m 

2*4 

S. 74° 2' W. 

16*9 


. The resultant directions, given in this table, show the great annual easterly 
and westm^y ymiation, due to the changes of the monsoons ; and they also show that, 
in every month, except April and May, the resultant is determined by an excess of 
Bontheiiy components, ih conjunction mtli an excess of easterly or westerly ones. 
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Tlie average Talues of these meridional components, for eaeli. month, are the foho^g, 
north hei^g indicated hy the sign + , and south by the sign — 


January. 

—0*40 

Jcly. 

—11-93 


February, 

— 0-9C 

August. 

—13-10 


31 arch. 

—13-98 

September- 

—6-53 


April. 

+2-73 

October, 

—4-62 


ilay. 

+ 7-49 
November. 

'—4-60 


June, 

—3-75 

December 

—1*32 


The next table (II) shorrs that the excess of the meridional components of tlie 
■winds, observed at d p. m., is always northerly, except in the months of July and 

August. 


Table II. J^erceniage of winds olserved at 4. jO. tii. during the ten 7jears, 1867-76, tahdated under fht 

eight prinerpai points of the compass, with iltctr catciitatcd i esHttantSm 


JJOSTUS. 

DiEEcrioxs. 

HESniisTs. 

N. 

K. E. 


S. E. 

S. 

6. vr. 

Xf. 

N.TV. 

Calm. 

Direction, 

Pcreenlatc. 

January 


5-5 

9-1 

11-4 

2-0 

I'G 

3'9 

409 

21-7 

3-9 

N. 62° W, 

45-4 _ 

February 


6-7 

7-8 

8‘5 

1-4 

03 

5-0 

52G 

lG-3 

1-4 

N. 70’ 1' W, 

55-9 

March 

■ * • 

5-1 

6-8 

5-5 

1-3 

2-3 

1-9 

5X-6 

23-9 

2G 

N. 70’ 3' W, 

62-0 

April 

»*• 

9-1 

SO 

3-5 

0-3 

0-4 

1-4 

4G‘5 

294 

1-4 

K. GO’ W. 

G7-7 

May 


13-3 

13-6 

10-3 

1-G 

1-0 

1-6 

31-0 

26*1 

1-6 

N. 3S° W. 

4S-1 

June 


90 

13-3 

19-7 

5'0 

4-0 

60 

24-0 

11-7 

4-3 

N, 19’ W. 

17-1 

July 


4-3 

11 0 

23-8 

6-8 

5-5 

12-2 

20-3 

8*7 

5-5 

S. 75’ E. 

33 

August 

• • * 

S'5 

9-4 

27-1 

5-8 

5-2 

11-9 

26-8 

7-4 

2-0 

S. 49’ W. 

3-5 

September 


4-7 

13-7 

30-0 

90 

3-7 

70 

17-3 

11'3 

3-3 

K. 65’ E. 

17-4 

October 

... 

90 

100 

12-6 

3-9 

1-3 

2-3 

31-3 

23-5 

6-1 

N. 45’ W. 

33-3 

November 


9'3 

6-7 

6-3 

2-3 

1-0 

1-7 

38-0 

250 

9-7 

N. 58’ W. 

52’3 

December 

... 

6-8 

9-4 

8-7 

1-6 

10 

1-9 

49-4 

17-4 

4-8 

N. 65’ W. 

51-1 

Year 

... 

7-1 

9-9 

14-2 

3-4 

2-3 

4-7 

86-7 

18-7 

4-0 

H. 57’ W. 

344 


The average values of the uorth and south components at 4 p. at. are — 


January. 

February. 

March. 

April. 

May. 

June. 

+ 21-57 

+18-85 

+ 21-60 

+ 33-56 

+ 38-03 

+ 17-02 

July. 

August. 

September. 

October. 

November. 

December. 

— 0-S3 

—2-30 

+7-36 

+ 27-13 

+ 27-89 

+21-46 


Taking the mean of the whole year, the meridional components are for 10 a. 31 . 
— 4-45, and for 4 P. 34.-}- 18-69. Comparing these numbers, it appears that the move- 
ment from the north is, on the average, always greater, or that from the south always 
less, at 4 p. ii. than at 10 a. h. ; and therefore, as a general laile, the rotation of the wind 
diu'ing the day is direct when the prevailing toind is westerly, and retrograde when it is 
easterly. 'Whether there he any corresponding movement during the night, at Benares, 
is unknown ; Ijnt that some such movement takes place is very probable. Thus, at Mzd- 
nbagh, where wind observations have been taken foui- times daily, the mean dimnal 
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components, computed by Xiambert’s formula, from tlie number of observed directions, 


4- A. n. 


Northerly. 

— S4-03 

Easterly. 

—31-33 

10 A. M. 

... 

+ 4-00 

—31-71 

4t F. 5t. 

.. . . 

+ 27-50 

—80-12 

10 P. M. 

. « . 

+ 5*22 

—22-18 

Mean 


+ 3-17 

— 2S-S3 


, Expressed as variations from the mean diurnal resultant, at each hour of observation. 


these become — 



Northerly variation. 

Easterly variation. 

- 


4 A. M. 

• ft * 

—27-19 

—2-50 



10 A. M. 


+ 0-83 

—2-88 



4 P. M. 

.w 

+ 24-33 

—1-29 



10 P. JI. 

... 

+ 2-05 

+ 6-65 



These iigm’es show that, at Hazdribagh, the meridional movement between 10 F. m. 
and 4 a. m. almost exactly compensates that between 10 a. m and 4 p. ir., the diSer- 
ence amounting to only three per cent, of the winds observed. Regarding the cause 
of this movement, I am unable to make any new suggestion whatever. Like the 
barometric tides and all otlier atmospheric phenomena which repeat themselves in the form 
of diurnal or semi-diurnal osciUations, it is most probably duo, in some way, to the action 
of the sun dm-ing the day and radiation into space at night. But to trace the .connec- 
tion between the daily march of the -sun from east to west, and tliis alternating move- 
ment of the atmosphere in a north and south direction, is a problem of extreme difSculty. 
Frimd facie, the most plausible explanation, that suggests itself , is this : Luring the early 
hom's of the day, the temperature over the plains rises rapidly, the heat absorbed by the 
lower strata of the atmosphere producing a great increase of pressure near the ground ; 
wliich, by elevating the siufaces of equal pressure over the plains, sets up, in the higher 
regions of the atmosphere, a steady flow of air towards the Himalayas. This consti- 
tutes the well-known southerly or south-westerly day wind, which blows, nearly aU the 
year round, at the hill stations on the outer ridge of the Himalayas. It is probably 
accompanied, to some extent, by a current in the opposite direction at the siudace of 
the ground, and it is possible that during the night these currents may be reversed in 
direction. I am not aware, however, that there is any proof of such a reversal, though 
doubtless the anemograms, taken at the Great Trigonometrical Svuwey Office at Lehra, 
win show it if it exists *, and the phenomenon under 'consideration is not confined to 
stations in the neighbourhood of the hills, or those only removed fi’om them by a hundred 
miles or so of level ground ; but is manifested quite as much at Hazaribagh, 250 miles 
from the hihR in a direct line, and 2,010 feet above the sea-level, and at Cuttack on the 
south side of the hills of Chutia Nagpur and Orissa. 

The explanation above proposed appears, therefore, to be quite inapplicable ; and 
we must conclude that this diurnal change of wind direction at Benares is most probably 
only one -manifestation of that general movement of the lower strata of the atmosphere 
mrtward from the land which has aheady been shown to take place at Calcutta and 

• From the observations of three jears. — H, F. B. 
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perhaps also at Bomhay.^ It will perhaps he best to wait for the exi^lanation until u'o 
get a fuller hnowledgo of the movement which actually takes place than can k 
obtained, by simple obseiTatious of the wind- vane, to all of which an equal weight is 
given, iiTCspectively of the velocity with wliich the wind is moving. 

(2.) Annual variation of the wind. 

Owing to the absence of night observations, it is impossible to detcnniue, abso- 
lutely, the dii-ection of the resultant movement of the -wind, dining any period, sucli 
as a month or a year ; but as the day winds almost always blow more strongly than tlic 
night -winds, it is probable that the direction of the resultant movement of both is not 
very different fi'om that of the winds which blow dining the day. The nearest approacli 
to a correct determination of this resultant, to be obtained from the data given in tlic 
appendix, will be got by adding together the 10 A. m. and 4 p. m. obseiwations and ti’cah 
ing the sums by Lambert’s formula. 

Table III contains the percentages of the total number of -winds observed under each 
octant, uith the resultant percentage and dii’ection calculated in this way. In the last 
column I have added a table of the mean daily velocity of the udnd as determined by 
a small Eobinson’s anemometer, which has been in use only since April 1869. 


Table III . — Percentages of toinds observed at 10 a. m., and dp. m.y during the ten years 1SG7-7G, iahnhteii 
under the eight principal points of the compass, with their calculated resultants and a table of the 
mean daily velocities. 


JtoNins. 

Bibecijoss. 

ItBSUlTlKIS, 

ilcsB dalljr 
vcIocKf la 
nults. 

N. 

m 

E. 

S. E. 

S. 

.«. W. 

W 

X. TV. 

Calm, 

Bireolion. 

Pfreentage, 

January ... 

4-4 

9-7 

13'8 

3'3 

S-9 

7*1 

40*1 

14*9 

2*8 

2^ 72’ W. 

34*4 

67*9 

Pebrnarj ... 

4-6 

M 

11-C 

3*0 

1*8 

9*2 

47*5 

13*8 

1*4 

N. 79’ W. 

45*9 

70*2 

blarcb ... ... 

3-7 

6-G 

10-3 

3*1 

6*6 

8*1 

46*3 

14*4 

2*9 

N, 85’ W. 

45*8 

101‘G 

April ... 

7-5 

6-8 

9-4 

2*6 

3*3 

51 

43*0 

20*6 

1*8 

K. 68’ W. 

43*5 

104*1 

May ... ... 

10-5 

I'lG 

19*4 

3-1 

4*0 

4*0 

27*1 

18*6 

1*8 

K. 30’ W. 

26*3 

111*5 

June 

7-2 

iro 

24*3 

6*7 

6*8 

8*3 

24*0 

10*6 

3*2 

N. 10° W. 

6*8 

111*9 

July ... ... 

4-0 

8-7 

31*0 

6*8 

60 

13*9 

20G 

6*6 

3*4 

S. 49’ E. 

9*8 

]03'7 

August 

2-8 

6'0 

27*7 

6*7 

6*3 

12*6 

28*7 

61 

3*3 

S. 37° W. 

8*9 

93*4 

September.,, 

4-3 

120 

31*0 


6*3 

7*8 

17*7 

8*5 

2*7 

N. 89° E. 

17*7 

so-c 

October 

7-3 

8'9 

15*2 


3*9 

9*8 

31*4 

15*3 

6*0 

N. 66’ W. 

27*9 

63*4 

Xorember ... 

8-8 

6*5 

7*2 

3*0 

3*7 

11*2 

36*5 

16*8 

6*3 

N. 75’ W. 

43-9 

41*3 

December ... 

5-2 

7*4 

11-6 

1-9 

4*8 

7’3 

44*8 

13*2 

3*0 

N. 78° W. 

42*1 

52*6 

Veak 

6-8 

8*5 

17*8 

4-3 

4*G 

8*7 

33*9 

13*2 

8*2 

N. 72° W. 

23*7 

63*81 


The resultants in this table differ very little fr'om those fomieriy obtained by 
Mr. Blanford from the observations of six or seven yeai’sjf hut, in some months, notably 
in August, the mean dii’ection is veiy different from that given in the Indian Sfetcor- 


* See ante, p. 13. 

+ Scc “Winds of Xortbern Indin,” Phil. Trans., vol. IGl, p. 632. 
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ological Keport for tlie year 1875. In these months, however, the, percentage represent- 
ing the excess in the direction of the resultant is very small ; and therefore the resultant 
directions vary much from year to year. The mean velocity is, in every case, very 
considerably greater than that given in the “Winds of ISlorthem India;” partly because 
of the change in the position of 'the anemometer mentioned above, and perhaps partly 
also on account of a generally increased velocity in the movement of the atmosphere, 
corresponding to a rise in the mean temperature since 1870. Koppen, following other 
writers on the same subject, has shomi (Zeitschrift der Oestenichischen Gesellschaft fur 
Meteorologie, Vol. VIII, No. 17) 'that the mean temperature of the air is subject to a 
periodical increase and decrease, the minimum period of one of the cycles falling about 
the end of the last decade, and the maximum about the middle of the present one, and 
that the valuation is greatest at stations "within or near the tropics. 

In Plate XI, Figure 1, the resultants for each month are plotted out ; a Hne, dra-wn from 
each of the pioints connected by the thick line, to the centre of the compass, representing 
the resultant movement, for the corresponding month, in magnitude and direction ; 
subject, of course, to the error due to ghdng all the observations the same value. The 
chart shows tha"fc, from Marcli to August, the rotation of the winds is direct ; while, from 
August to March, it is retrograde, except perhaps between the middle of December and 
the middle of January, wlien there appears to be a slight change in the opposite direc- 
tion. The resultant movement for the whole year is represented by the line dra"wn from 
the point P to the centre of the compass. 


TabIiE tv .'—Mean monthly variation of the northerly and easterly components of the loind^s mean move- 
ment, in percentages of the winds observed during the ten years 1SG7—76. 


— ^ ... , — 

NoisTnERI,T. 

EastbeIv. 

1 Mojjths. 

( 

Components. 

Variation, 

Components, 

Variation, 

Jannaiy 

+ 10-6 

+ 31 

— 327 

— 100 

February 

Srarch 

8-9 

+ 1-4 

— 45*0 

— 223 

+ 4-.^ 

— 3-2 

— 457 

— 23 0 

April ... ... 

+ 18-2 

+ 30-7 

— 45-1 

— 22*4 

Slay ‘ ’ ... , 

+ 22*7 

+ 15-2 

— 13*3 

+ 9*4 

June ... 

+ 6-6 

— 0-9 

— 1-2 

+ 21*5 

July 

— 6*4 

— 139 

+ 7-6 

+ 30*3 

August ... ... 

— 7*2 

— 14*7 

— 5-3 

+ 17*4 

September 

+ 0-4 

— 71 

+ 17*8 

■ + 40-5 

October 

+ 11*2 

+ 37 

— 25-6 

— 28 

November 

+ 11-6 

+ 4*1 

— 42:4 

— 197 

December ... 

Mean 

+ 8-6 
+ 7-3 

+ ri 

— 41-2 

— 22-7 ' 

— 18-5 


In Table IV, are given the components of the resultant "wind direction for each , 
month, in the meridional and the east and west directions, together with the variation of each 
month from the mean of the year. The variations of the two components from month 
to month are shown gi’aphically in Figures 2 and 3, PI. XI. In Figures 4, 5, and 6 are 
given' the mean curves of wind velocity, pres&ure, and temperature, for the sake of 
comparison.*" The most notable featm’e of both curves for the^ wind components is, 

* The ween pressnre and terapemtarc, represented by tlze horizontal lino in each figure, differ slightlj from the weans for seven 
years piven in the Kletcorolopical Report for 1875, the forwer heing ' 005 " lower and the latter higher than theralnes there given, 
probably owing to the years 1867 and 1868 being hotter than usual. 
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that they show tH*o maxima and fcn^o minima. The meridional yariation attains its 
maximum northerly ralue in May, and its minimum in August; hut there is a secondary 
minimiun in March and a corresponding maximum in November. ^ In like manner, 
the cast and west variation has its greatest positive or easterly value in September, and 
its greatest negative or westerly value in March'; but there is also an easterly maximum 
in January and a minimum in August. Both components therefore show an oscillation 
of semi-annual as well as one of- annual period, the great oscillation being the change 
of the monsoons, from norih-west to south-east, and m€e versa, and the smaller one 
manifesting itself in the easterly cuiTents which bring the winter rains, and in tlie 
prevalence of the south-west over the south-east monsoon in August. If these cuives 
represented actual movements of the wind instead of mere percentages of the ohseiva- 
tions, some insight into the relations between wind dii’cction and the variations of 
temperatiu’e and ju’essurc might he obtained, by reducing them to mean curves by means 
of Bessel’s formula, and comj)aring the phases of the successive periodic terms of the 
formulae for the wind curves with those of the corresponding terms of the pressure and 
temperature formulae. It is evident that the great annual north-west and south-east 
variation of the ivind is the result of the aimnal yariation of pressure, which reaches its 
minimum at the end of J une ; but whether there he a secohdaly variation of the irind 
con’esponcling to an oscillation of the barometer of half-yearly period, is a question 
requiring further data for its elucidation. The co-efficients of the &*st three periodic 
terms of Bessel’s formula for the annual variation of pressui’e at Benares are— 

U' ~ -27888 «'i=:l02°3r 

= -01738 ' 

-01326 tt^'=216°12' 

and the mean for the year is 29*529^ 


Since the angles ti!', and u’ represent the distances in time of the middle of 
January fi-om the epoch at wliich the value of each oscillation is zero, it will he seen that 
the great oscillation attains its maximum in the first week of Januaiy, and its miimnnm 
m the first week of July; and that the half-yearly oscillation attains its minima about 
the 1st of Eehraary and the 1st of August, and its maxima about the 1st of May ami 
the 1st of November. It is probable that the wind variation, to some extent, 'follows both 
these osofilatos of pressure, but eui-ves derived merely from the obsei-ved dii-ections, 
inthout regard to velocity, do not enable us to trace the connection closely. 

,.mwf monsoon, dming August, over the easterly 

cut fiom the Bay of Bengal, does not appearto he aphenomenon peculiar to Benares, 

vol ’ 1^’'“ of Northern India," [Piiil. Trans.. 

and Patna. ' The tables 

tw Meteorology of India for 1875, also show .that 

oft to L JZ "“r 1 Hdzaribagh, and a considerable faffing 

common to a/tZrinV^Z in August appears, therefore, to he 

common to aU the stations situated betiveen the middle of the Gangetio Valley and ' the 
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ranges of Mils to the south? commonly grouped together under the name of the 
“Vindhya;” and it must he the effect of some general cause, such as the half-yearly 
oscillation of pressure above referred to. 


Paut II. — On the bedations op wind to bainpale. 

The object of the present section is to determine, as far as possible, the elements of 
the hyetic wind-rose as regards frequency of rain, and the absolute quantity wMch comes 
from each octant ; and also as regards the relative probability of rain with the wind 
from various quarters. But, inasmuch as the rain 'at Benares has only been measmnd 
and recorded once each day, and the wind dhection has been registered only twice, 
it does not necessarily follow that the rainfall of any particular day came from either 
of the points recorded as the wind-directions for that day. In the majority of 
cases, it is quite impossible to obtain from the registers any positive information 
regarding ' the quarter from wMch any particular fall of rain was derived ; but 
in drawing up the tables given below, I have consistently followed a rule, wHch, 
I think, will give faudy correct results when the average of a large number of 
observations is tahen, as has been done hei’e. , Por the greater part of tbe ten years 
nnder discussion, the rain was measmed regularly at 10 a. m. ; and for tins period, the 
wind direction last recorded — that at 4 p. m. the previous day — has been taken as the 
mean direction of the rainfall of the 24 hours. If the entry in the wind column 
for 4 p. M. on the previous day was “ calm,” then the fall was entered in the column 
of the table beaded calm.” TMs system, of com'se, introduces a slight northerly 
error into all the directions, on account of the wind direction at 4 P; m. being 
somewhat to the north of its mean dhection for the day;* but I have not 
attempted to correct the error, for want of sufficient data. Besides, dm’ing the two 
years 1875 and 1876, as well as a part of 1874, the rain was measmed at 4 p. m. ; 
and each fall, duiing these years, has been recorded imder the wind directions 
observed at 10 a. m. on the same day, thereby introducing an error in the southerly 
direction, which tends to ‘ counterbalance the othei. These tables are given in the 
Appendix (Table IV), 

(1) Melative frequency of rain. 

In Table V, is given the number of rainy days during the ten years, tabulated 
under each octant, as described above, together with the relative probability of rain, 
obtained by dividing the^nmnher of rainy days from each octant by the total number of 
winds observed in that octant, and multiplying the result by 200.t It appears that rain 
is twice as frequent when the wind is due east as when it blows from any other quarter ; 
and that the next quarter from which rain-bearing winds most frequently blow is due 
west. After these directions, in order of frequency, come north-east, south-west, north- 
Avest, and south-east ; and the directions from wMch rain comes most rarely are the north 
and south cardinal points. 

, * Sec ante, pnffo 148. 

t In order to get the compuratii'c proliability in the form of a percentage, the multiplier 200 has to be used, because the wind 
direction iras noted tmee each day. ' , 
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Table V Number of roiuy days durinyMie tett yearly 1867~rG, together xoith the ptchah'diLy cf fair, 

vj/ien the loind iloxes from each of the ei§hl principal points of the compass. 
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B 
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May 
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o 
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o 
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8 
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<> 
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13-34 
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O 

11 

10 

10 

5 
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H 

0 
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10 

18 

55 

14 
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17 

40 

H 

15 
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66-G0 
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16 

43 

12 

7 

21 

26 
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U 
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11 
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10 
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7-61 
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1 

6 

0 

1 
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2 

3 

1 

4-44 

21-82 

19-16 

10-00 

8-31 
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2-06 

6-32 
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... 
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... 

... 
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**. 

... 

... 

... 
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y* 
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December 

... 

... 

... 

... 

2 

1 

... 

... 

••• 

... 

... 


... 

5-6-3 

IC'GG 
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... 

... 

... 

... 

Yeah 


... 

21 

83 

193 

63 

27 


95 

61 

36 

11-80 

27-33 

30-32 

33-CD 

16-30 

18-93 

7-70 

11-38 

1 3050 


In Tabic VI, I liave tabnlatcd tbo rainy days according to tln-ce seasons, coiTCspoml- 
ing to tbo ndiiter rains, tbe bot-weatlier rains, and those of the monsoon. Daring the 
ten year's under review, there has never boon any rain at Denares in the month of 
November. This break affords the best possible starting-point for the division of the 
year’s rainfall according to seasons. The rains of October always occur in the 
begmning of the month, and belong to the sn^o season as those of September. The 
ndntcr rains, accordingly, include those of December, J anuary, and February ; the hot- 
weather rains, those of March, April, and May ; and the monsoon rains, those from 
June to October. The nunter rains and the monsoon rains both come chiefly from 
the east, or a point a few degrees to the north of east ; wliile the rains of March, April, 
and 3ilay contain a larger proportion of rvcsterly and northerly elements, on account 
of the freq^uent occiUTcnce of thunder-storms from the north-west in those months. 


Table VI . — Total number <f rainy days in the ten years 1807~76) tabulated according to seasoxts. 
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There seems to hare been a tendency, on the part of the observer, to put down the 
wind, during the rainy season, as either easterly” or '^westerly,’.’ without taking proper 
care to see whether it was not really more nearly north or south-east, or north or south- 
west, as the case might he. I have, therefore, calculated the relative prohahiLity of 
rainy winds under each octant, by means of Bessel’s formula adapted for eight points, 
■namely : — 

y=M + U' sm. ^(m. 45° -t- «') -f 17" sin. («, 90° + n”) -f, &c. 
extending it as far as the second periodical term only. The co-efficients of these terms 
have been calculated in the usual way, the numbers given in Table VI having been first 
of all extended to sixteen points by simple interpolation. The result of the application 
of the formula has been to decrease considerably the number of winds in the column head- 
ed E, and to correspondingly increase those in the north-east and south-east columns, the 
others being very little changed. The numbers given in the last line of the table are 
shoivn graphically in the wind-rose, figure 7, pi. XI. The two directions of maximum 
frequency are a little to the north of east and a little to the south of west, the absolute 
maximum being the easterly one ; -and the two directions of minimum frequency are 
almost exactly north and south. These directions are determined chiefly by the rainfall 
of July, August, and September. 

* ' ■ (2). Comparative pf'obahilit^ of rain. 

In order to see whether there exists, at Benares, any such dissimilarity between the 
directions of greatest frequency and greatest probability of rain, as is shown to obtain 
at Calcutta, in Mr. Blanford’s paper above referred to, I have calculated the numbers 
given above in tbe second part of Table V. Tbe figures, there given, very nearly repre- 
sent the percentage probability of rain on any day, when the mean direotion of iJie wind 
at 10 A. M. and 4 p. M. is that shown by the heading of each column. Table VII con- 
tains the same elements, tabulated according to the three seasons given above. Eor each 
season, the direction of greatest probability of rain is north-east, east, or south-east ; and 
there is a tendency to a secondary maximum about south-west. The numbers in the 
line for the whole year, are shown graphically in the wind-rose, fig. 8, pi. XI. The 
form of the curve differs essentially from that obtained for Calcutta, being more like tbe 
frequency ” curve of Calcutta than the ‘^probability ” one, which it might he expected 
in some pointe to resemble. It shows only one distinct maximum and one minimum, 
and, though the minimum coincides almost exactly with one of the maxima of 
figm’e 7, the -mn.yiTTm Tn is less than four points removed from the other direction of 
greatest frequency. 

Table VII. — Comparative probability of rain tabulated according to seasons. 


Sbabovs. 

' N- 

1 

B 

' E. 

1 

S.E. 

6. 

s. w. 

w. 

N. W. 

Calm. 

December to Eebniary ... ... 

2-3G 

1 , 

6-84 

16-32 

20-40 


.1-42 

0-24 

3-18 

4-08 

Slarch to May 

3'05 

6-84 j 

9-24 


2-66 

6-78 

1-42 

3-72 

... 

June to October ... ... ‘ ... 

26-92 i 

61-72 

42-53 

49-23 1 

31*14 

34-78 

23 70 1 

31-20 

60-42 

Yeae 

11-30 

27-38 

30-32 

33-66 

1 

16'S0 

18-92 

7-70 ' 

11-28 

1 

30-90 
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Tlie evidence of tlie Benares Begisters, sucli as it is, therefore does not vrarrant Uie 
full application to up-countiy stations of tlie local law of rainfall prohaliility at Calcutta. 
The law, as given at page 20 of !&fr. Blanford^s paper, is tins : ^^Itisowt when the monsoon 
current is hlotoing steadily that rain is most probable, but lohen it is defected 
from its normal direction by some local irregularity of pressxtre, and rain is the 
moj'c probable in proportion as this deflection is greater f With the exception of 
the last danse, I tlunk it may he safely' applied to Benares, hut there is no evidence 
of any proportionality there between the deflection of the monsoon current from’ its 
tiormal direction and the prohahility of rain. If any such connection did exist, tlie 
direction from which rain is most probable ought to he about north-north-west, a point 
not very distant from the actual direction of least prohahility. 

(3.) Absolute amount of rain from different quarters. 

Table VIII shows the proportion of the total rainfall of the, ten years which came 
from each octant. 

Table Till. — Total rainfall during the ten years, 1867-76, tahdated ntider the eight principal points of 

the compass. 


Totai Eaiutalii. 


MOKtHa. 

N. 

N.B. 

E. 

S, E, 

Sa 

6. W. 

W. 

N.W. 

Cllltu 

Januaiy ... ... 

< I • 

0-20 

0-29 

3-96 

0-09 


44 4 

• 44 

0-09 

0-05 

Febrnaiy ... 

• « • 

4 *» 

0-37 

0-45 

0-53 

**« 

0-03 

0-40 

008 


March 

1 < • 

* « • 

0-67 

0-32 

4 « « 

019 

0-20 

1*31 

0-63 

• ■4 

April ,,, 

4 t • 


* • 4 

0-60 

... 

» • » 

» t « 

0-60 

1-05 

• •• 

May 

• « • 

O'll 

0-60 

3-35 

• •4 


0-41 

0-10 

O-Oo 


June 

*44 

0-23 

9-35 

8-45 

7-56 

6-35 

3-62 

11*47 

11-03 

l'G3 

July 

>4’» 

i”30 

9-53 

29-<K) 

6-44 

5-18 

17-87 

35-67 

9-21 

14-2G 

August 

*44 

8-29 

7-82 

23-29 

4-90 

6-31 

12-2G 

30-88 

12-65 

6-5-2 

Soptcinher ... 

*•» 

028 

14-87 

3G-28 

8-14 

0-68 

6-62 

2-81 

8-78 

■ 2-32 

October 

■ if 

001 

3-98 

8-21 

1-90 

006 

14 4 

0-37 

2-68 

. 0-30 

November ... 

... 

• 4 ■ 

*•* 

««« 


t • * 





December 


*44 

• « • 

1-25 

005 

4 4 4 


*4i 

• 44 

4 44 

Yeae 


lG-42 

47-38 

115-6G 

29-61 

17-67 

41-01 

83-61 

46-20 

25-14 


The v^ter rains of Beceniher, January, and Behruary are derived almost entirely from 
easterly winds ; the hot-weather rains of March and April come chiefly with the wind 
from the west or north-west; and, while, at the beginning and end of the rains, —that is, 
m lay, September, and October, — there is a dmtinct excess from the east or north-east, 
the excess during the three rainy months of June, July, and August is from the west or 
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nortli-west. The percentage of the total rain which comes from the east in May, Septem- 
ber, and October is, however, very high ; while the excess from the western side in J nne, 
J nly, and August is inconsiderable, and therefore, on the mean of the whole year, there 
is a distinct preponderance of rain from the east over that from any other quarter. 

In Table IX is given the distribution of the total rainfall of ten years, xmder each 
octant, for each of the three seasons into which I have divided the year. The quantity 
of rain which comes from the west is greater, than the proportion of rainy days, when 
the win'd is in that quarter, would lead one to expect. 


Tabi.e IX. — Total rainfall of the ten years, 1S67—7G, iaiulaied according io seasons. 


! 

SBA.soKa. 1 

J 1 

N. 

K, E* 1 

1 ' 

E. 

D 

S. 1 

3* W. 

1 

1 

N.-W, 

Calm. 

December to Pobnmty ... ... 
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5-66 

0-67 , 


0-03 

0-40 

0-17 

0-05 

March to May ... i 

on- 

1-17 

4-17 i 

1 

0-19 

0-61 

2-01 

1-63 

>>■ 

1 

June to October 

1611 

45-6S 

105-83 

28-94 

17-48 , 

40-37 

81*20 

44'40 

25-09 

Yeae ... 

16-42 

47-38 

116-66 

29-61 

17-67 

41-01 

83-61 

46-20 

25-14 

Do. computed by Bessel’s formula ... 

12-14 

59-85 

97-30 
i ' 

48-41 

4-62 

45^69 

1 1 

84-74 

44-85 

25-14 


The last horizontal line of the table gives the rainfall of the whole period corrected 
for errors of observation by Bessels formula, and the numbers there given have been 
plotted out in the wind-rose, Bigure 9, PL XI. The curve in Pigm’e 9 is very similar 
to that in Tigure 7) differing from it only in the greater size of the western side, wliicli 
means that, on the whole, the rain that accompanies a westerly or north-westerly wind 
is heavier than that which comes from the east. The average rainfall of 24 hours, when 
the rain-bearing wind comes from each quarter, may be foimd by dividing the total 
amount of rain given in each column of Table IX by the corresponding number of 
rainy days in Table YI. The quotients are — 

K. N. E. E, S. E. S. S. W W. N. W. 

•68A *557 *590 *560 -655 *684 *880 *855 

These numbers, when plotted 'out, form the wind-rose, Pigure 10, P. XI. The curve 
is very irregular, but still it shows a marked preponderance in a direction a little to the 
north of west. A comparison of this curve with the others, shows that, though the 
direction of greatest probability of rain does not differ very much from that of greatest 
frequency, the direction from which the heaviest rain comes is nearly opposite to that of 
greatest probability. There is, therefore, a well-marked connection between the amount 
'of -rain which falls in a day and the deflection of the rain-bearing current from its 
normal direction. I am unable to advance any good reason for the west being the direc- 
tion from which the heaviest rain is derived, seeing that westerly or north-westerly winds 
must traverse a long stretch of considerably .elevated country before they reach Benares, 
full allowance being made for the change of direction produced by the rotation of the 
earth. It is most probable, I think, that the westerly character of these rainy winds 
is purely local, being due to some local area of barometric depression, towards which the 
winds cmwe round in a spiral manner, and then ascending, discharging the greater part 
of their vapour in the form of heavy ram. 
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APPENDIX. 


Table l.—jS’ntnl/sr of winds observed' at 10 a. m. and 4 p. in.from 1867 to 1876. 
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4-6 

3-2 





IQ 

7-8 

8-5 

1*4 



62G 

16-3 

1*4 



s 

89* W, Percentage 37'3. 


1 

B 


N.70'' 

W. 

Percentage 52'8. 













































































































AND WINDS OP UENADES 


159 


Table I — continued. 
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3 
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■ 
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1872 .... 

B 

1 

2 

2 

2 

m 

17 

B 

1 

1 

B 

... 


1 


15 

11 

1 

1873 


... 

1 

3. 

4 


16 

B 

1 

... 

B 

... 

1 

1 

... 

23 

6 

... 

1874 


3 

3 

B 

3 


8 

■ ■k 

1 

... 

B 

3 

f 

3 

1 

17 

6 

... 

1875 

B 

2 

5 

B 

8 

4 

8 

2 

— 

... 

5 

... 

1 

1 

1 

14 

9 


1876 

H 

3 

... 

■ 

3 

i 



2 

... 

... 

3 

1 

... 

... 

... 

20 

7 

... 

Total ... 

B 

14 

47 

15 

28 

44 

127 

18 

-10 

16 

21 

17 

4 

7 

6 

160 

71 

8 

Percentage 

2-3 

4-5 

15-3 

4-8 

90 

14'2 

41-0 



■1 

6-8 

5-5 

1-3 

2-3 

1-9 

51'6 

22-9 

2-6 

Mean di- 
rection,. , 



S. 

69“ W. 

Percentage 35‘7. 





N. 70“ 

w. 

Percentage 62-0. 




APRIL. 



lO-KOtTBS, 

_ 




16-HOtnB8. 




Yeates. 

!5 


H 

03 

03 

03 



Calm. 


w 

H 

w 

oi 

m 

07 


a' 

Calm. 

18G7 

3 

■ .* 

1 

1 

1 

4 

6 

1 

1 

3 

m 

_ 1 

... 

... 


10 


... 

1868 

... 

2 

5 

I 

... 

2 

11 

6 

S 

... 

B 

... 

... 

... 

1 

22 


1 

1869 

B 

1 

3 

1 

... 

3 

11 

4 

... 

10 

2 

... 

... 

... 


4 

14 

... 

1870 

fl 

3 

a 

1 

4 

B 

6 

5 

2 

5 

8 

3 

1 

... 

... 

5 

7 

1 

1821 

fl 

1 

12 

2 

1 

■ 

10 

2 

... 

1 

8 

3 



... 

9 

8 

1 

1872 ... 

2 

... 

2 

2 

4 

3 

15 

O 

... 

2 

... 

... 

. . . 


1 

17 

10 

... 

1873 

... 

... 

1 

2 

1 

5 

20 

1 

... 

2 

... 

... 


... 

... 

24 

3 

1' 

1874 

1 

... 

6 

2 

4 

2 

11 

4 


... 

B 

... 

... 

... 

... 

14 

15 


1875 

1 

5 

5 


B 

1 

11 

4 


1 

B 

• 3 

... 

1 

1 

13 

9 

... 

1876 

2 

4 

1 

. 3 

■1 

3 

12 

S 


2 

1 

... 

... 

... 

1 

16 

10 

... 

Total ... 

17 

16 

44 

14 

17 

25 

113 

34 

6 

26 

23 

10 

1 

1 

4 

133 

84 

4 

Percentage 

5-9 

6-6 

15-4 

4'9 


8-7 

39-5 

11-9 

B 

B 

8-0 

3-6 

0-3 

0-4 

1-4 

46 ‘5 

29-4 

ffl 

31 can di- 

rection ... 



N. 

85“ W. Percentage 34'9. 


- 



N.60 

“ W. 

Percentage 67*7. 




31 





































































































































160 


ON THE HAlNFAXIi 

Table I — conlinned. 
' MAY. 



Calm. 
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AND WINDS OP BDNADES. 

Tablk I — 'coniinued. 
JULY. 


1867 

186S 

1869 

1870 

1871 

1872 

1873 

1874 

1875 

1876 
Total 


Ferceutnge j 3'9 

Jitean di- 
rection... 



t 2 


21 


6-4 I 36-1 I 6-8 


S. 45° E. Percentage 16-7. 



W I (n I lyi I OQ 



18G7 

1868 “ ... 

18G9 - ... 

3870 

1871 

1872 

1873 

1874 

1875 

1876 
Total ... 

Percentage 1*0 4'6 28'4 j 6'5 

-Ilean di- 

lectior... S 33°S' W. Percentage 14-4. 


TO 


4 

6 

17 

1 


4 j 10 
11 


84 j 38 j 16 j S 7 83 
11-9 26-8 


S. 49° W. Percentage S'5. 


























































































































162 


ON THE RAINFALL 

Table I — conlinned. . 
SEPTEMBER. 


- — - 

lO-nonm, 

1 



IB-nonss. 

, 


Teiis. 

5^ 


u 

w 

to 

cd 

to 



a 

a 

w 

i 

ti 

w 

1 

a: 


c/? 


4 

a; 

18G7 

5 

3 

8 

3 

3 

1 

6 

1 

B 

1 

1 

10 

m 

B 

4 

G 

4 

1865 ... 

2 

4 

11 

««# 

3 

2 

4 

3 

B 

2 

0 

8 


B 

3 

6 

3 

1860 

1 

4 

14 

3 

2 

1 

4 

1 

H 


8 

B 

B 

B 

• ( » 

1 

2 

1870 

2 

4 

9 

5 


3 

3 

2 

2 

1 

9 

B 

3 

2 

«»• 

4 

1 

1871 ... 


1 

20 


2 


o 


1 

*«• 

2 

B 

6 

1 

1 

3 

2 

1873 ... 

1 

B 

1 

B 

4 

6 

5 

5 

1 

,2 


B 

7 

2 

4 

2 

8 

1873 ... 

... 

1 

10 

B 

3 

1 

14 


... 


2 

9 


O 

*4 

2 

15 


187-1 

J 

B 

B 

5 

O 

6 

7 

2 


8 

3 

6 

2 

D 

1 

B 

7 

1875 ... 


8 

B 

2 

■ 

* S 

3 

1 

... 

4 

8 

9 


H 

3 

B 

5 

1876 ... 


5 

6 

7 

B 

2 

7 


... 

1 

2 

8 

5 

B 

3 

8 

O 

Total ... 

12 

31 

96 

37 

21 

26 

54 

B 

6 

14 

41 

90 

27 

11 

21 

1- 62 

34 

Percentage 



32-0 

12-3 

70 



m 


4-7 

13-7 


90 

3-7 

7-0 

j 17-3 

11-3 

Mcsin di- 
rection... 



S. 73“E. 

Percentage 20'9. 





N. 65° E. 

Percentage 

17-4. 



OCTOBER. 


Tims. 




lO-HOCBB, 








lO-nOITBS. 



"■^5. 

a 

pd 

k 

a' 

w 

c4 

93 

03 

ai 


a 

i 

*5 

C? 

a 

w 


cd 

CC? 

09 



e 

e 

{j 

1867 ... 

1 

... 

7 

2 

2 

5 

■ 

1 

1 

1 

*»* 

6 

1 

1 

... 

13 

8 

1 

1863 ... 

2 

4 

4 

1 

2 

5 


2 

4 

5 

3 

4 

1 • . 


... 

7 

10 

2 

1809 ... 

... 

3 

9 

... 

... 

m 

B 

8 


3 

4 

7 

] 


1 

9 

C 


1870 ... 

2 

2 

12 

... 

1 

5 

5 

1 

3 

... 

C 

9 

1 

... 


3 

6 

6 

1871 

... 

■ 

B 

... 

3 

3 

IG 

• «« 

1 

4 

5 

1 

. •« 


1 

5 

G 

9 

1873 ... 

3 

B 

B 

3 

4 

8 

9 


3 



2 

3 


O 

8 

12 


1873 ... 

... 

B 

2 

... 


5 

19 

3 

■ 


... 

2 



1 

24 

4 

... 

1874 ... 

G 

3 

B 

... 

O 

6 

5 

3 

■ 

5 

4 

4 

2 



8 

8 


1875 

o 

3 

B 

■ 

2 

6 

11 

*> 

m 

1 

5 

3 

3 

1 


13 

2 

1 

1876 

Total ... 

Percentage 

Steaii ili- 
rection ... 

o 

7 

■1 

B 

3 

11 

3 

2 

H 

5 

4 

1 

1 

2 

... 

7 

11 


17 

24 

65 

8 

20 

64 

93 

22 

12 

28 

31 

39 

12 

4 

■ 

97 

73 

19 

5'5 

7-7 

17*7 

2G 

C-5 

17*4 

31-G 

7*1 

3*9 

90 

100 

m 

39 

1*3 




6*1 

! 


S. 

79° 47, 

Percentage 24-3. 





N. 46° 47, 

Percentage 38’3. 


1 


Cniin. 
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Table I — coniimteA. 


NOVEJIBER. 







•' — B — 

10-HOUBS. 


«V. 





l^nooBS. 




Yb*.ss. 


W 

w 

w 

CO 

CO 

CO 

\ 

•s 

5= 

B 

5 

8 

ti 


lO 

CO 


& 

. ^ 
a 

a 

n 

Cj 

18B7 

6 

3 

■ w 

- 2 

2 

G 

8 

3 

■ 

2 

4 

... 

1 

.*> 

2 

B 

17 

1 

1S6S 

■ 

... 

... 

... 

3 

4 

13 

2 

■ 

* 7 

B 

2 

1 

... 

... 


12 

... 

1869 , ... 

B 

6 

' 4 

1 

... 

B 

8 

4 

4 

3 

H 

4 

... 

1 



5 

9 

1870 

E 

2 


... 

5 

H 

17 

1 

2 

2 

B 

..r 

... 

... 


B 

9 

15 

1871 

H 

2 

6 

3 

1 

B 

16 

... 


5 

4 

... 

... 

... 

... 

10 

9 

2 

1872 

■ w 

m 

6 

■1 

2 

H 

8 

... 

2 

... 

3 

6 

2 

... 

«) 

12 

3 

2 

1873 

2 

■ 

■ 

2 

3 

4 

7 

4 

... 

2 

>>• 

7 

2 

... 

... 

14 

5 

... 

1874 

4 


H 

B 

2 

8 

6 

B 

... 

4 

... 

... 

1 

2 

... 

14 

9 

... 

1875 

D 

■ 

H 

H 

B 

11 

11 

H 

1 

3 

... 

... 


B 

... 

24 

4 

... 

187G 

B 

2 

■ 

B 

B 

15 

9 

Bl 

... 

1 

3 

... 

■ 

B 

1 

23 

2 

... 

, Total 

25 

19 

24 

11 

19 

62 

105 

26 

9 

28 

20 

19 

7 

3 

5 

114 

75 

29 

Perceutngo 

8-3 

63 

8-0 

■ 

G-3 

20-7 

350 



9-3 

B 

6-3 

2-3 

1-0 

1-7 

330 



Mean cll- 
rectlou... 


•- 

S. 

84’’ W. 

Percentage 40‘7. 




N. 38° W. 

Percentage 44'8. 




DECEMBER. 


, 

lO-Honss. 

le-SOCBS. 

Yb.bs- 


f4 

si 

CJ 

. 

m 

03 

0? 



Calm. 

t5 

j4 


PC 

07 

cd 

03 



Calm. 

1867 

2 


4 

B 

B 

6 

12 

5 

2 

1 

6 

2 


... 


5 

15 

2 

1868 

3 

3 

5 

B 

B 

2 

11 

4 

1 

3 

4 

3 



... 

17 

2 

O 

1869 

1 

... 

9 

2 

2 

... 

12 

2 

3 

3 

4 

5 

... 

... 

... 

12 

4 

3 

1870 

... 

2 

4 

... 

3 

o 

17 

3 

... 

3 

3 

1 

... 

... 

... 


12 

2 

1871 

... 

7 

9 

1 

3 

-■ 

7 

1 

3 

2 

4 

11 

1 

... 

... 

H 

3 

3 

1872 

... 


3 

1 

*•* 

5 

19 

3 


2 

... 

2 

... 

... 

... 

B 

3 

2 

1873 

2 

1 

2 

1 

5 

5 

15 

... 

■ 

1 

4 


3 

1 

1 

B 

5 

1 

1874 

2 

T 

4 

1 

B 

4 

7 

5 

H 

1 

1 

1 

1 

1 

... 

B 

e 

... 

1875 

4 

2 

3 

... 

B 

3 

16 

2 

R 

2 

3 

2 

... 

1 

3 

18 

2 

... 

1876 

... 

1 

1 

... 

5 

12 

9 

3 

H 

2 

... 

... 


... 

2 

24 

3 

... 

Total ... 

14 

17 

44 

7 

27 

39 

125 

28 

9 

18 

29 

B 

6 

3 

6 

153 

54 

15 

Percentage 

4-5 


H 

2-3 

8-7 

12-6 

40-3 


ifllB 

5-8 





B 

49-4 

17-4 

4-8 

Mean di- 
rection... 


' 

S. 83° W. 

Percentage 36'2J 





N.65° 

W, 

Percentage 51'1, 






















































































































ON THE BAINrAHL 


IGi 

Table IL — Mean daii^ velocity af the mnd. 


Ybib. 


18G0 .. 
1S70 .. 

1871 .. 

1872 „ 

1873 „ 

1874 » 

1875 .. 

1876 .. 


January. Ketoary. ilarch. April. Slay. June. July. Annual. Sopicmber. Ociobcr, NuTcmbcr. Di'frni- Van 

ber. 

93-9 115-6 11-Tl 91-2 646 75-6 55-8 28 8 38-3 

39-4 57-9 70-9 68-9 SOG 97-8 76-9 76'0 52-2 42-0 22-6 32-4 597 

47*9 51-7 62‘8 639 73*6 75-4 67'3 68-1 620 28'6 30-6 32*5 o.T7 

33-6 65-2 80-0 77-6 980 104-7 116-2 77*3 oo'9 37'9 28-9 27-9 C7-8 

53-6 64-9 86-9 86-5 102-2 94-4 102-7 79-0 99-4 29-1 20*1 G5-3 737 

80-3 61-3 129-4 118-3 131-1 117'7 106-4 102-3 82-0 . 64-8 51-7 7C-2 92-;*'' 

77-1 1030 126-6 169-3 140-3 152-9 137-1 124-4 I'lS’S 90‘4 SO’S 759 IIC-J 

138-6 160-1 148-7 154'9 147-5 1380 142-7 147-5 112-6 78-9 9]-0 72-0 127-7 
















Table III. — Number of rainy days tabulated under eight i}Oinis oj uie 


































































































































































































































































VL — On the diurnal mriation of the Barometer at Indian stations, Bari I: Calcutta 
, and JIdzdribdgh, By Heniiy E, Bla.^^ford, Meteorological Beporter to the 
Government of India. 

The present paper forms tlie first of a series in nrliicli it is proposed to pnfilisli 
the results of the hourly ohserrations recorded at Indian observatories. The double 
oscillation Tvliicli the atmospheric pressure undergoes daily, and 'wliich is noTvhere more 
prominently exhibited than in India, is a subject that has engaged the attention of 
many meteorologists, including some 'who stand in the first rank of physical discoverers 
but the physical explanation of the phenomenon remains an unsolved problem. It has 
long been known .that the character of the oscillation undergoes great variations in 
different parts of the world — variations which affect both the relative and absolute 
amplitude of the two oscillations, and also the epochs of their critical phases — and some 
general laws have been pointed out to which these variations conform ; but it is only 
within the last few years that a systematic study of their geographical distribution has 
been undertaken by Mr. Alexander Buchan, of whose work the fii’st instalment only has 
as yet reached me.^'" The quantity of data collected by Mr. Buchan is very large, but 
not so large as to exclude the necessity of such ftudher additions as India can afford ; for 
in India, not only is the phenomenon exhibited with an intensity and regularity equal- 
led in but few other regions of the earth, but the varied forms under wliich it presents 
itself are such as, in a great measure, to epitomize its aspects. In the article Atmosphere 
in the third volume of the 9th edition of the Bncyclopeedia Brittanica, Mr. Buchan has 
expressly designated India as a country eminently fitted for prosecuting the study of 
the subject, t 

In India itself, the attention of meteorological observer has been directed to the 
collection of these important data from an early period. According to Humboldt, B^zc 
noticed the fact of the diurnal oscillation, at Pondicheny, as long ago as 1690 ; and 
regular observations of the oscillation were made by Boudier at Chandernagore in 1710. 
Coming down to recent times, at the three long-established Government observatories of 
Madi’as, Bombay, and Calcutta, hourly observations have been recorded daily (night and 
day) during unbroken periods of 20, 26, and 22 years respectively ; and these are among 
, the most complete series for showing the diurnal oscillation that have been furnished for 
any part of the globe. Other series, less prolonged, are those of Trevandrum, recorded 
under the superintendence of Mr. J. Broun ; the five-year series (two years’ bi-hourly 
and three years’ hourly readings) registered at Simla, under Colonel Boileau, in the years 
1841. to 1845,1 and a one-year series at Lucknow. § Hourly observations hai^e also been 

* On the diurnal oscillations of the Barometer, Part I, Trans. Koy. Soc,, Edin., Vol. XXIT, 1875, page 397. 

f ** One of the most important steps that could he taken would be an extensive series of observations from such countries as India, 
which offers such splendid contrasts of climate at all seasons, has a surface covered at one place with the richest vegetation, and at 
'others with vast stretches of sandy deserts, and presents extensive plateaux and sharp ascending peaks — all which conditions are 
indispensable for collecting the data required for tho solution of this vital problem of atmospheric physics,” — Loc. cit. 

1 See ante, page 113; also Boileau’s tables. 

§ Buist’s Manual of Physical Research for India, Fart I, p. 105. 
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recorded on one day of eacli month at Belgaiun, Poona, Pcesa, and UnrrachcG dariaic 
the last 20 years ; hut these hare not yet heen published, and it is intended that, if foiuul 
to he trustu'orthy, they shall appear as part of tlie jn’esent series. The subject of the' 
diinnal variation of pressui-e, tempcratiu-e, &c., was taken up systematically by the 
3Icteorological Department of Bengal, in the beginning of 1873 ; and a certain aiimhcr 
of stations were selected, at which hourly ohsciwations of all instruments should he 
recorded, on four days in every month (a/c., the 7th, 14th, 21st, and 28th). The system 
lias since hcen extended to other parts of India, and at the present time it is in operatioa 
at tlie following stations : — 


Hazarihagh, 

since 

the 7th January 

1873. 

Patna 

a 

7th May 

yy 

Goalpara 

3> 

7th July 

33 

Sibsagav 


7th Januarj' 

1874. 

Rooikee 


7th March 

Is / o. 

Jnhhulpore 

3 J 

-3rd April 

3> 

Agra 


7th „ 

yy 

Pachmarlii 


10th May 

yy 

Nagpur 


l-’th „ 

yy 

Allahabad 


14 til „ 

yy 

Lahore 


14th July 

yy 

Lucknow 

jy 

7th November „ 

Chittagong 

3> 

7 th January 

387C. 

Cuttack 

yy 

7th „ 

yy 

Rangoon 

3$ 

7 th April 

yy‘ 

Leh 

yy 

7th August 

yy 


In addition to these, the four stations, above mentioned, in the Bombay Presidency, con- 
tinue to furnish one day’s homly ohseiwations in each month ; and the two ohseiTafone? 
of Calcutta and Bombay register the atmospheric pressure, as well as other meteorolo- 
gical elements, continuously by means of autographic insti'uments. 

The present paper gives the results of the houily ohseiwations of pressme at 
Calcutta aud Hazarihagh. 


Calcutta. — Calcutta affords an example of a station in a damp, hut not uniformly 
damp climate, situated on a broad alluvial plain near the sea-level; and 68 miles distant 
from the sea. The mean relative humidity of the different months varies between 6G and 
88 per cent., and the mean vapour tension between *487 inch in January and *954 in 
July. The diurnal range of temperature averages 17*1° in j\Iarch and 7*8° in August, 
wliich are respectively the months of its greatest and least values. - 

The variation of the winds, both annual and diurnal, has already heen described at 
length in a previous paper, in which a curious coincidence was pointed out between tlie 
tliiii’iial changes of the ivesterly component of the wind-movement and the haromctric 
oscillation. In a communication to the Asiatic Society of Bengal, and another to the 
Journal of the Atistrian Meteorological Society^ suhseq^uently published, a relation was 
also pointed out between the land aud sea breezes of the coast and the contrasted forms 


bahometee. at Indian stations. 


in 


of the diimial 'barometric oscillations at .Calcutta and over the head of the Bay of Bengal, 
Any further notice of this subject may he reserved for the general discussion of the 
barometric tides, with which it is proposed to conclude the present series of papers. 

The present tables are based on 21 years* registers of the observations recorded 
hourly at the Surveyor Generars OJBace (46, Park Sti-eet), in the subui*b of Chowidnghee, 
from 1855 to 1875 inclusive. The same instrument has been used throughout. It is 
a Newman’s standard barometer, No. 86, of the form depicted in the Indian Heteoro-^ 
legist's Vade M.eoxm% figure 2. The tube has a diameter of ’614 inch ; and, as the result 
of an indirect comparison, the details of which were published in the XLth volume 
of the Journal of the Asiatic Society of Sengalj the instrument appears to read *011 
higher than the Kew standard, constructed under the superintendence of Professor 
Balfour Stewart.^''' No correction for capillarity has been applied to the readings. The 
cistern of the barometer was 18*11 feet above mean sea-level. 

In Table I are given the mean pressure of each hour in each month, deduced 
directly from the observations, and theh differences above or below the mean pressure 
of the month. Bach of the hourly means is the result of nearly 600 readings of the 
instrument, and each monthly mean that of about 14,400 readings. 

Brom the values in Table I have been computed the rectangular co-ordinates of 
the constants for the periodical terms of Bessels formula; and the values so obtained are 
given in Table II. Each annual series of these rectangular co-ordinates, and also that of 
the monthly means, has then been corrected by the same formula, in the manner de- 
scribed* in JeHnek’s Tdglichen Gang der vorzugliclisten Met. Mementexi ; and the 
corrected values are tabulated in Table III. The constants computed from these cor- 
rected co-ordinates are given in Table IV ; and finally, the pressures corresponding to 
each hour of Calcutta mean time have been calculated from these data and are sho^vn 
in Table V. Plate XII represents the curves in the graphic form. 

Table VI gives the epochs (to the nearest minute) of maximum and minimum 
pressure for each semi-diurnal oscillation, in each month of the year. These epochs 
have been deduced by the method proposed by Professor Jehnek in the work above 
refeired to, viz., by applying the method of differences to the figures in Table IV, 
and so obtaining a first approximation ; which is then corrected to a second approxi- 
mate value by the formula given in his work. The values of the maximum and minimum 
pressures, in Table VII, are computed by Introducing into the periodical formula the 
values of Table VI, converted into hour angles. The whole process is described at 
length in Part I of the Indian Meteorologists Vade Meewm^ to which the English 
reader may be referred for further infornmtion on the subject. The whole of these 
calculations have been worked out by Babu Brojo Mohun Bukhit and Babu Ambica 
Ghum Hazra. 


* Unfortimately, owing to a sudden and unforeseen leakage of this instrument, which took place after its removal to the 
Aliporo Ohservatoiy, ns a consequence of .which air gained admission to the tube, it became necessary to insert a new tube. 
Shortly before the accident, a very careful and prolonged comparison had been made between its readings and those of a precisely- 
Btmilar instrument by the same maker; and as the result of two similar and concordant series of comparative readings with this 
secondary standard, since the renewal of the tube, it is concluded that, with the new tube, it reads exactly *007 higher than with the 
original tube and the same index scale. 
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Tabue II. XtccidjiffulciT cO'OYdhiaies of the cou^fatits z7i tJig peYiodical fotjtttild for the diurnalf voriaiioit 

of pressure at Calcutta j computed frozu Table L 


' Monins . 

V 

V 6 in a' 

U'cOBtt’ 

V'< tm u" 

t7”cos u" 

C'lsin w'" 

U"' cos u "‘ 

’ 

.17"" sin u'” 

V"" cofl tt"" 

January 

... 

r 4 4 

—‘01421 

+•02492 

+ •01889 

— 03650 

-•00037 

+•00767 

—■00263 

—•00195 

Pebruary 



—■01731 

+ •02686 

+ -02317 

—03541 

—•00052 

+•00634 

—•00100 

—'00166 

March 


« » ■ 

' —-01746 

+ ■02957 

+ •02395 

—03651 

+ ■00017 

+'00198 

—■00108 

—•00072 

April 



— 01416 

+ 03319 

+ 02335 

>-'•03545 

—■00124 

—'00162 

—•00083 

+■00087 

May 


«•« 

—•00858 

+ 03140 

+•02028 

— 03272 

—•00123 

—•00378 

—'00088 

+'00152 . 

Juno 



—•00096 

+ •02177 

+•01861 

-'•02799 

—•00033 

—■00369 

—•00071 

+•00108 

July 


*# • 

+■00071 

+ •01924 

+■01950 

—•02747 

— 00027 

—■00361 

—‘00052 

+■00043 

August 


• It 

+•00003 

+ •02185 

+•02160 

— G 3026 

—•00080 

—■00307 

—•00088 

+•00045 

September 


• « t 

—■00215 

+ 02310 

- +-01914 

—03514 

—•00108 

+•00010 

—•00113 • 

—•00005 

October 



—•00677 

4- -02243 

+•01282 

—03718 

+•00090 

+•00280 

—•00108 

—•00121 ' 

November 



—■00950 

+ •02309 

+■01076 

—03844 

+•00049 

+ •00520 

—•00228 

—•00139 

December 



—•01128 

+ -02454 

+■01478 

—03832 

+•00049 

+•00707 

—•00227 

—•00193 


Mean 


—•00847 

+•02516 

+•01890 

—03428 

—■00029 

+•00120 

—•00127 

—•00038 


Tabeb m. — FaCzics of rectangular co-ordinaies f rom TMCe ZT^ 


corrected as annuaC series. 


lIOIfTnB. 

XT sin tt' 

TP costt' 

17" Bin tt" 

IT’' cos tt" 

IT'" sin u'" 

l7"'C03tt"' 

1 

0"'’'Bintt"" 

I7""COBtt"" 

January 


l«« 

—■01430 

+'02519 

+•01921 

—•03645 

—•00042 

+•00759 

—00226 

—•00202 

February 


t • • 

—•01736 

+ •02074 

+•02280 

—■03552 

—•00029 

+•00537 

—00131 

—•00165 

March 


*«« 

—’01725 

+ ■02954 

+ 02430 

—'03632 

+ •00013 

+•00199 

—00087 

—00068 

April 


ttt 

—•01448 

+•03340 

+'02305 

“'•03573 

—■00091 

—•00165 

—00093 

+■00079 

May 


■ • I 

— -00822 

+•03102 

+ ■02045 

—03239 

—■00147 

—00375 

—*00088 

+•00161 

June 


• • • 

—•00129 

+•02219 

+•01855 

— 02832 

—•00027 

—'00369 

—■00064 

+'00101 

July 



+•00092 

+ ■01886 

+ •01949 

—•02716 

—■00013 

—•00365 

—•00060 

+ -00045 

August 



—•00003 

+•02215 

+ •02164 

—•03052 

—•00111 

—•00298 

—•00086 

+■00048 

September 



—•00224 

+'02301 

+•01908 

—•03496 

—00066 

—■00003 

—00105 

—•00013 

October 



—•00657 

+•02233 

+ 01281 

—03727 

+•00049 

+ ■00295 

—00127 

—00109 

November 


■ • ■ 

—•00974 

+‘02330 

+•01087 

—03841 

+■00081 

+•00505 

—00198 

- -00152 

December 


• • I 

—•01108 

+•02424 

+•01455 

—03832 

+•00034 

+ •00719 

—■00263 

—•00183 


Year 

• 1 1 

—•00847 

+•02516 

+•01891 

—03427 

—00029 

+ 00119 

—00128 

—00038 


Table IV . — Constant coeficienis of ike periodical formulaj computed from Tables I and III. 


Moitthb. 

1 

Slean. 

V’ 

tt' 

v» 

«■’ 

17" 

„■•■ 



January ... 

29+ 

1-0135 

•02897 

330'’25' 

•04110 

162°38' 

*00761 

356°48' 

•00303 

228°.19' 

Pebruary ... 

■9496 

•03188 

327° O' 

•04232 

146°48' 

■00538 

356°55' 

•00211 

218°32' 

March 

'8633 

•03421 

329°43' 

•04370 

146°13' 

■00199 

3°44' 

•00110 

23r64' . 

April 

•7604 

•03640 


•04262 

147^10' 

•00189 

208°43' 

•00122 

310°12' 

May 

■6503 

•03209 

345°10' 

•03831 

147°44 

•00403 

201°26' 

184°10' 

•00183 

331°11' 

June 

•5480 

•02223 

356°41' 

•03386 

14G°46 

■00370 

•00120 

327°60' 

July 

•6387 

•01887 

2°48' 

•03342 

144^20 

•00365 

182° 0’ 

•00075 

S07°10’ 

August 

•5972 

•02215 

359°55' 

•03741 

144®40' 

•00318 

200°26' 

•00098 

299“11' 

September ... 

•6825 

•02312 

354°27' 

•04002 

161°25' 

•00067 

267° 4' 

•00106 

262°47' 

October 

, '8262 

•02327 

343°36' 

■03933 

160®58' 

•00299 

9°21' 

•00168 

229°18' 

November ' 

■9705 

•02525 

337°19' 

•03992 

164°22' 

■00511 

9° 8' 

•00250 

232'’27' 

December ... 

10274 

•02665 

335'"26' 

•04107 

ISS^oS' 

•00720 

2°44' 

•00320 

235°15' 

Year 

•7848 

•02655 

341'^4' 

■1 

151° 7' 

•00123 

346° 9' 

•00134 

253°42' 
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Table II . — Meclangular co-ordinates of the constants in the periodical formula for the diurnal variation 

of pressure at Calcutta, computed from Table f 


■ MoHxns. 

XT ein u' 

U' cos u‘ 

t?" sin «" 

17” cos u" 

I7"£ta«'" 

17'" cos li”' 


IT"" cos 

January 

.February ... - 

March 

April 

May 

Juno ... ... 

July 

August 

September 

October 

November 

December 

Mean 

—•01421 
—•01731 
— -01746 
—■01416 
—•00858 
—■00096 
+•00071 
+•00003 
—■00215 
—■00677 
—■00950 
—•01128 

+•02-492 

+■02686 

+■02957 

+•03319 

+■03140 

+•02177 

+•01924 

+•02185 

+•02310 

-02243 

+•02309 

+•02454 

+'01889 
+•02317 
+•02305 
+•02335 
+•02028 
+•01861 
+•01950 
+•02160 
+ 01914 
+•01282 
+•01076 
+•01478 



+•00767 
+"00534 
+■00198 
—•00162 
—■00378 
— 00369 
— -00361 
—•00307 
+ •00010 
+-002S0 
+■00520 
+•00707 

—•00263 
—■00100 
—•00103 
—•00083 
— -00088 
—•00071 
—■00052 
— -oooss 

—•00113 

—•00108 

—•00228 

—■00227 

—•00195 
—•00166 
—■00072 
+•00087 
+•00152 . 
+•00108 
+00043 
+•00015 
—•00005 
— 00121 ’ 

— 00139 

— 00193 

—•00847 

+•02516 

+•01890 

—•03428 

—■00029 

+■00120 


—•00038 


Table III - — Values of rectangular co-ordinates from Table II, corrected as annual series. 


lIOlTTnB. 


17' cos«' 

I7"6in«" 

tpf COS ti" 

17”' Einn'" 

17"' cos u'“ 

I7‘"’Binu"'' 

I7''''coati"" 

January ... 

February 

March ... ... 

April 

May 

June ... 

July ... 

August 

September ... 

October ” ... 

Kovember 

December 

Year 

—•01430 
—•01736 
-■01726 
—•01448 
—•00822 
—•00129 
+•00092 
—•00003 
—•00224 
—•00657 
— -00974 
—•01108 

+•02519 

+•02674 

+■02954 

+•03340 

+•03102 

+•02219 

+•01885 

+•02215 

+•02301 

+•02233 

+'02330 

+•02424 

+ •01921 
+'02280 
+•02430 
+•02305 
+•02045 
+ 01855 
+•01949 
+•02164 
+•01908 
+"01 281 
+•01087 
+■01465 

—■03645 

—•03552 

—•03632 

-•03573 

—•03239 

—•02832 

—•02716 

—•03052 

—•03496 

—•03727 

—■03841 

—•03832 

—•00042 
—•00029 
+ '00018 
—•00091 
—•00147 
—•00027 
—•00013 
—•00111 
—■00066 
+•00049 
+ ■00081 
+•00034 

+•00759 
+•00537 
+•00199 
—■00165 
—•00376 
—•00369 
—•00365 
—•00298 
—•00003 
+•00295 
+ •00505 
+•00719 

—•00226 

—■00131 

—•00087 

—•00093 

—•00088 

—•00064 

—•00060 

—•00086 

—•00105 

—•00127 

—•00198 

—•00263 

—•00203 
—■00165 
—•00068 
+•00079 
+’00161 
+•00101 
+•00045 
+•00048 
—■00013 
—•00109 
- *00163 
—'00183 

—■00847 

+*02516 

+■01891 

—•03427 

—■00029 

+00119 

—•00128 

—•00038 


Table IV. Constant coefficients of the periodical formula, computed from Tables I and III, 


Moirrns. 

! 

Mean. 

IT' 


17" 

tt** 

17 •» 


17'"' 

«•'* 

January ... 

February ... 

March ... . _ 

April 

May 

June ... 

July ... 

A-ugnst 

September ... 

October 

Novemher ... ' 

December 

Year 

29+ 

1-0135 

•9496 

■8533 

■7604 
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•6480 

‘SSSr 

•5972 

•6825 

•8263 

•9705 
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310°12' 

331°11' 

327°60' 
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299°11' 

262'47' 

229'’i8' 

232°27' 

235°15' 



341'^4' 

•03914 

161'’ 7' 

•00133 

346° 9' 

•00134 

253°42’ 

« 






























Table V . — Hourly variation of pressure at Calcnita, computed with the corrected constants of Table IV. 
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Table VI. Diurnal epochs of maximum and minimum pressures at CalcnUa. 


ifoxinB . 

let Minimam. 

t 

iBt Maxjniuni. 

2 Qd Minimum, 

2ntl JIaiitaatn. 

•Tanunry 

Februaty 

March 

April 

jlay , ' ;;; 

.Tune "* *■" 

.Tuly 

August 

September 

October ■ "*] 

November 

December 

Year ,,, 

brs. mins, 

3 65 

3 47 

3 33 

3 19 

S 17 

3 32 

3 41 

3 42 

3 37 

3 18 

3 12 

3 41 

3 32 

hr*. mins. 

9 44 

9 52 

9 47 

9 36 

9 23 

9 22 

9 33 

9 38 

9 33 

9 25 

9 24 

9 34 

9 35 

brs. mins. 

16 4 

16 28 

16 41 

16 46 

16 45 

16 40 

16 40 

16 37 

16 19 

15 62 

15 41 

15 48 

16 26 

brs. mins, 

22 12 

22 31 

22 35 

22 29 

22 24 

22 28 

22 30 

22 27 

22 17 

22 0 

21 49 ■ 

21 57 

22 19 


Table VH, JHean monthly and annual values of the dturnal maxi mum and minimum pressures at the 

above epochs. 


IIOKTHS. 

1 

1st Slinimum, 

1st Maximum, 

2Qd Siicimum. 

2nd MaTimum. 






Inch. 

Inch, 

Inch. 

Inch. 

January 


• « • 

t « t 


—•0231 

+-0772 

— 0533 

+•0115 

Jb efaruarj' 


« * • 

• • • 


— -0256 

+•0783 

— •0560 

+ ■0117 

March 


»• « 

• • • 


— 0267 

+•0767 

—•0622 

+ * 014.7 

April 


« < « 

• • • 


—•0224 

+•0709 

—•0697 

+•0168 

May 


« « • 

««« 


—•0173 

+•0580 

—■0678 

+•0192 

Jutie 


« •« 

• « • 


—•0165 

+•0433 

—•0560 

+•0268 

July 



* « 4 


—•0169 

+ •0389 

—•0529 

+ •0295 

August 


« • « 

■ 4 « 


—•0173 

+ •0460 

—’0601 

+ '0302 

September 


• « a 

• • 4 


—■0205 

+•0554 

— 0595 

+ 0277 

October . 


r « ■ 

4 4 4 


—•0233 

+•0626 

—•0526 

+ '0204 

November 



4 • • 


—•0240 

+•0694 

—•0613 

+'0160 

December 


* • f 

4 4* 


—•0229 

+•0744 

—'0530 

+•0146 

Year 


• « ■ 



— 0212 

+'0624 

—•0571 

+•0195 


Hazaeusagh. — Hazd,rib5gh is situated in latitude 24°, at an eleYation of 2,000 feet 
on the highest part of the plateau that rises to the west of the Gangetic delta, and extends 
het^yeen it and the Sone valley. Prom the Gangetic delta on the east, and from the mam 
stream of the Ganges 'on the north, the ascent is very gentle; hut it is more abrupt from the 
Sone, on the west ; and to the south of Hazdrihagh there is a tolerably rapid descent to the 
valley of the Pamuda, which divides the liighlands of Hazdrihdgh from those of Ohutia 
Ndgp^. The plateau hears some isolated hihs of considerable elevation, the highest 
being Parasnatli, 4,483 feet ; but there are none in the immediate neighbourhood of 
Hazdribdgh, which is simply the Iiighest part of the plateau, north of the Damuda. 
In virtue of its position, it is very dry d’uring the greater part of the year. The surface 
has been denuded of jungle to a distance of a couple of miles, or more, all round the 
station ; and one or two tanks 'of moderate size, which store the local rainfall, offer the 
only extended water-surfaces within many miles. In the rainy season, however, the 
south-east wind from the Bay of Bengal blows up across the plateau, and brings heavy 
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rain ; the average fall of July and August heing fully as great as that of Oaleutta. 
But in March and April, during the prevalence of the hot udnds, the diyness of the 
air is excessive, observations, showing only 5 and 6 per cent, of relative humidity, being 
frequently recorded at 4 r.3r. At this season, the average daily range of tomperatuie 
in the shade is not less than 25“ or 26“, and the mean temperature is nearly as higli 
as at Berhampore, nearly 2,000 feet lower. 

The diurnal variation of Eazdribdgli is derived from a much less extensive series 
of observations than that of Calcutta. ITp to the time that the calculation was 
undertaken, hourly observations had been recorded on four days in each month, for 
three years (January 1873 to December 1875), thus affording 12 sets of readings for 
each month. But for three years before these were begun, viz., 1809 to 1871, readings . 
of the barometer had been recorded daily at intervals of six hours ; viz., at 4 and 10 a.i:. 
and r.M., which hours are very near those of the maximum and minimum pressure. Tor 
these hoiu’s, tlierefore, we have an average of 90 sets of obseiwations for each month. 
The observations have not all been recorded with the same kind of barometer. Up 
to May 1871, a mountain barometer, by Adie, with a tube of about 0*25 in diameter, 
was in use at Hazaribagh ; and, after that date, a small standard, by Casella, having tv 
tube 0*4 inch diameter. The hourly readings have been recorded exclusively witli the 
latter instrument. Of the six-hourly observations, only nine months were registered ‘ 
■with the latter, and the remainder -with the former instrument. But it does not appear 
that the change of the instrument has much affected the apparent diurnal range of 
pressure. The mean diurnal range of two entii’e years (between 10 A.ii. and 4 p.m.,) 
measured by the mountain barometer, amounted to *0962 inch; that of three entire 
years, measured by the standard, to *0964 inch. The data, above enumerated, have been 
dealt with in the following manner. 

Each set of hourly observations begins and ends at midnight, and consists of 25 
readings of the barometer. In the first place, the hourly mean of the twelve sets of 
observations in each month has been taken, and any difference that might remain 
between the initial and final midnight means was distributed throughout by simple 
interpolation.* The values thus obtained, together Avith the hourly variation from the 
niontlily mean, are given in Table VIII. In the next place, the variations of the four 
hours, 4 and 10, a.m., and p.m., derived from the three years’ six-homly observations, 
Avere substituted for those of Table VIII ; care heing taken to allow for the difference 
betAveen the mean of the 24 hourly observations and that of the foiu* ohservatiorrs orrly; 
and the values of the intervening hoirrs were corTected by simple interpolation, accord- 
ing to the formula given at page 63. These values are given in Table IX, and have 
serA^ed as the basis of the further calculation. ... 


The further procedure has been identical Avith that followed in the case of 


Calcutta, ah’eady described, and the successive results are given in Tables X to XV. The 
column of monthly mean pressures in Table XII is deduced directly from the ohserva- 
tions of ten year's and has not been computed by the periodical formula. 


• This difference in most cases did not esceeJ a few tbonsnndtUs, 
January —-002 .Apul ... —*004 

iVoruar/ ... —‘002 May ... -f-'022 

Marcli ... -P'OrS June ... — >005 


It was as follows in eatli 'month 
'J'lh ... — "007 October 

August ... p-OOS November 

September ... q- 003 December 


+ 007 

—•ore 

—•023 




Table VIII . — lilenti lionrly pretnire^ mul hourly variation of pressure al Ildzariluii 
Ifeaiis of twelve series of hourly readings in each month. 
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Table X. — 'Beciangiila.r co-ordiuaies t)f the constants iti the periodical formula for the diurnal varia- 
tion of pressure at Hdzarihdgh, computed from Tahle JX. 


« 

Mosths. 


' 

\ 

U' Bln 

IT’ toa u'. 

V” sin tt». 

If coa vt«. 

C7’ ' sin-u"'. 

V '• cos v“ . 

tr"*in«”'. 


January 



—•0071 

+■0162 

+•0213 

— 0300 

— -oooc 

+•0087 

—■0022 


Februaiy 

•»» 


—■0040 

+'0205 

+•0248 

— 0303 


+•01)52 

—■0007 


March 


• • a 


+■0221 

+ 0'202 

—■0348 

— 'OOOS 

+■0027 

—■0012 

—•0013 

April 


a # * 

— -0007 

+■0268 

+■0183 

—■0274 

—'0007 

—'0012 

—■00(13 

+•0006 

May 

«•« 

a ■ • 

—•0063 

+•0267 

+ 0216 

—■0282 

—•0017 

—■0010 

—•0014 

+•0006 

June 


• # a 

+•0016 

+ 0176 

+ 0167 

—■0237 

—•0006 

—■0033 

+•0002 

—•0003 

July 


t • a 

+ ■0030 

+■0129 

+•0175 

— •0-241 

—■0010 

— 0037 

—•0002 

+■0013 

August 



—•0011 

+•0186 

+•0198 

—■0257 

+ 0019 

—•0011 

+■000-4 

—•0011 

September 


« • a 

—■0020 

+■0214 

+•0201 

—■0324 

—■0026 

+•0023 

—■0010 

+■0014 

October 


a ■ » 

+ 0010 

+•0160 

+■0152 

—■0274 

+ ■0001 

+■0031 

—•0021 

— -0004 

November 


a « a 

— ’0024 

+■0140 

+ 0178 

—'0269 

—•0012 

+•0059 

—•0014 

—■0012 

December 

• « I 

••• 

—■0076 

+ 0157 

+ 0187 

—•0293 

—■0016 

+■0059 

—■0030 

—■0033 


Mean 

... 

—■00342 

+■01896 

+ 01933 

—•02839 

i —-00088 

+•00171 

— 00108 

—■00030 


Table ^Values of rectangular co-ordinates from Table X, corrected as annual series. 


> 

Momna. 

U' flin It', 

U' cosu'. 

U" sin «■, 

I/” cos w". 

O' ‘ sin u" . 

P"‘ C0S«'”, 

If'’ Bin 

ti" ’ cos 

January 

February 

March 

April 

May 

June - 
July 

August 

September ... ••• 

October 

November 

December 

Year 

i 

—•00026 

—'00526 

—'00791 

—•00819 

—■00504 

+•00074 

+•00339 

—•00108 

—■00225 

+•00125 

—•00242 

—•00798 

+•01606 
+•01963 
+*02281 
+■02638 
+'02679 
+•01780 
' +-01254 
+■01899 
+■02117 
+•01594 
+ 01439 
+ ■01602 

+■02157 
+•02461 
+•02033 
+■01850 
+•02095 
+•01768 
+•01643 
+■02091 
+ 01917 
+•01582 
+•01755 
+ 01864 

—•02946 

—■03122 

—■03345 

—■02906 

— 02638 

— 02544 
—•02262 
—■02078 

— 03173 
—•02774 
—■02670 

— 03006 

—•00109 
—•00108 
—■00129 
—*00060 
— 00127 
—•00158 
+ 00037 
+■00038 
—■00125 
~ 00088 
—•00075 
—•00152. 

+ 00774 
+■00587 
+■002^44 

— 0013.1 
—■00358 
— ■0M384 

— 00328 

— 00121 
+•00202 
+■00379 
+ 0&492 
+•00698 

—•00232 
—■00088 
— 00076 
—■00097 
—•00068 
—•00045 
+ 00022 
+ 00026 
—•00115 
—•00176 

1 —'00182 
j —‘00268 

+■00067 
—■00030 
—■00144 
+•00069 
+'00042 
—•00038 
+•00056 
—■00007 
+■00021 
+ 00078 
— 00222 
—■00252 

—■00342 

+ 01896 

+■01933 

—•02839 

—•00088 

+■00171 

— 00108 

—•00030 


Table XII . — Constant co-eficients of the periodical formula, computed from Table XL 


WoMras. 


v 

It' 

U" 

tl ’ 


u"' 

t 


January 

February 

March 

April 

May ■ 

June 

July 

August 

September 

October 

November 

December 

' Year ... 

0 

27+ 

■963 
•923 
, -806 

•764 
' -677 
•668 
■555 
•623 
•700 
•857 
■ -973 
1-002 

— 

•01723 

•02032 

•02414 

•02762 

■02726 

•01782 

•01299 

■01902 

■02129 

■01599 

•01459 

•01701 

338° 44' 
345° 0' 
340° 52' 
342° 45' 
349° 21' 
2 ° 23' 
16° 8 ' 
356° 45' 
353° 66 ' 
4° 29' 
350° 27' 
332° 1' 

•03651 

•03969 

•03914 

•03445 

•03369 

•03092 

•02796 

•03398 

•03707 

•03194 

■03196 

•03537 

143° 47’ 
141° 62' 
148° 43' 
147° 31' 
141° 33' 
145° 21' 
144° 0' 
142° 1' 
148° 52' 
360° 18' 
146° 41’ 
148° 12' 

■00782 

•00597 

•00276 

•00146 

•00380 

'00415 

•00330 

•00127 

■00238 

•00389 

■00498 

•00714 

351° 59' 
349° 35’ 
332° 8 ' 
204° 17' 
199° 32' 
202 ° 22 ' 
173° 34' 
162° 34' 
328° 15' 
346° 66 ' 
351° 20’ 
347° 43’ 

■00241 

•00093 

■00162 

'00119 

•oooso 

•00059 

•00060 

•00027 

'00117 

■00193 

•00287 

■00368 

286° 6 ' 
251° 11’ 
207° 31' 
305° 26' 
301° 42 
229" 49' 
21“ 27' 
105“ 4' 
280“ 21 - 
293“ 64' 
219° 21' 
226“ 46' 

•788 

•01927 

349° 46' 

■03435 

145° 45' 

•00102 

332° 46' 

•00112 

254“ 29' 


* ThcEO values are the rucans of ten years’ observations. 
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BAJIOMETER AT INDIAN STATIONS. ISl 

TiBLK XIV , — Mean diurnal epochs of marimum and minimum pressures al Ildzanbdfjfi. 
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' Table XV , — Mean monthly and annual values of the diurnal maximum and minimum pressures at the 

above epochs. 
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— Variations of rainfall in Northern India^ hy S. A. Hill, Esq.i H. Sc., Meteoro- 
logical Veporter to the Government of the Norih-lVesiern Frovvices and Ondli. 


I N T R 0 D TT C T O R T . 

The occiirrence of the groat famine of 1877 in Southern India, and the prohahility 
TThich, up to the 6th of October of that year, seemed a certainty, that a similar fate ivas 
in store for Northern 'and North-TV’estcrn India, have together caused an extraordinary 
amount of attention to he directed, both in this country and in Eui'ope, to tlie subject of 
the supposed periodical character of those deviations of the rainfall from its normal 
amount, v^hich produce such calamitous results. Early in 1877, Hr. ‘W. W. Hunter, 
published a pamphlet entitled “ The Cgcle\ of Drought and Famine in Southern India f 
in ■which it 'was shown that there is a remarkable tendency to a deficiency in the rainfall 
of the city of Madras, at times when the surface of the sun is free from spots, — a pheno- 
menon that had previously been pointed out, though perhaps upon somewhat insufficient 
evidence, by Mr. J. Norman Lockyer.^ Hr. Hunter also stated, upon the authority of 
Sir W. Eobinson of the Madras Council, that severe famines and scarcities in various 
parts of the Southern Presidency also tend to recur at intervals of about eleven years, 
this being the approximate length of the cycle of the solar maculation. Putting these 
two classes of .facts together. Hr. Hunter concluded (such at least appears from the first 
edition of his pamphlet) that the rainfall of Southern India is subject to a cyclical 
. variation similar to that of Madras, thus laying himself open to a good deal of not un- 
deserved criticism. Hr. Hunter has since explained that, in the first edition of ^ liis 
pamphlet (printed in India), the words “ Southern India ” were used as a pcripluasis to 
avoid the too frequent repetition of the word Madras^ to which town and the sm*- 
rounding district alone his conclusions were intended to apply. See Nature^ YoL SYI, 

page 369, 

Mr. H. E. Blanford afterwards discussed the rainfall of seven stations situated in 
various parts of tropical India, and sent in a short report to the Government of India 
on the subject, from which it appears that though there is no evident relation between 
rainfall and sim-spot area, yet, by ingeniously combining the observations from the 
different stations, the amount of precipitation over Southern India can he sho'wn to vary 
on the average from about five per cent, over the mean, to five per cent, under the mean, 
at different periods of the eleven-year cycle. These periods do not, however, coincide 
exactly 'odth the maximum and minimum epochs of the sun-spots. This result is due 
almost entirely to the great amplitude of the fluctuation of the Madras rainfall, since 
only one other station out of the seven, Nagpur, exhibits any decided tendency to vary 
concomitantly ■with Madias. About the same time, the writer of the present paper 

» STature, voi. VII, p. 98, and Lockyer b Solar Physics, Chap. XXVL 
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2gj_ VAKIATIOXS OP E-AlKPAXIi PST XOPTHERX IXEIA. 

submitted to the North-Western Tro'^^ces GoTernment the results of a cliscussiou of the 
rainfaU re-isters— most of them for yeiy short periods— of several stations in Northern 
India a?Lse registers seemed to lend some support to the theoiy that, underlying very 
Vrcat irreguiav and nou-Yeriodic variations, there is a fluctuation of the total ammal 
minfaU coinciding approximately with that of sim-spot ivQqiimcj ; hut, hy themselves, 
tiicy were incapable of proving any such conclusion, since they were much too short 
to admit of the elimination of chance coincidences. Another inference, drawn from the 
discussion of the same records, was that the winter rainsmf Northern India are generally 
heavier when the total faU of the year is below the mean, than when the summer rains 
are excessive. A similar result had also at this time been independently ohMncd hy 
jMr. E. I). Archibald from a discussion of the ndnter rainfall of the single station, 
Calcutta.' It is obvious that, if the latter inference will stand the test of a fuller and 
move extended inquiry, it may he of very great economic importance, as the experience 
of the last two years fclearly shows. In 1876 there was a partial, and’ in 1877 almost a 
total, failure of the summer rains over the greater part of the North- Westeim Provinces, 
Oudli, Pajputana, and the Panjab ; but in both years there was a heavy fall of rain in 
October, which enabled the winter crops to he sown, followed by copious downpours in 
January and Pebruary in the former case, and in December and January iu the latter ; 
the effect heiug in both cases the production of an unusually good rabi haiwest." 

For the pimpose of testing the soundness of this conclusion, and also of inquiring 
into the truth of the supposed cyclical variation of the annual rainfall, I have examined 
all the available rainiaW registers ior the North-Western Provinces and'Ondh, togtther 
with a large number of others that have been placed at my disposal hy the courtesy of the 
^Meteorological Eeporter to the Government of India, and of the Secretary to the Finan- 
cial Commissioner of the Panjah. 

From these I have selected for further discussion the registers of twenty representa- 
tive stations, including all those which extend over a period of twenty or more consecu- 
tive yearn, together with several others chosen on the principle of embracing as' great 
a geographical area as possible, in order that the minor irregularities depending upon the 
local peculiarities of any one station may be neutralised as far as possible by those of 
some other. The country included between tliese stations extends from Sihsagar in 
Eastein Assam to Bannn on the north-west frontier, and from Jabalpur in the Central . 
Provinces to Abhottahad in the Hazara country, thus covering more than eleven degrees 
of latitude and twenty-four degrees of longitude. For convenience in drauang up some 
of the following tables, the stations have been divided into two groups, ten in or near 
the Himalayas and their subordinate mountain chains, and ten on the plains. The rain- 
fall for the four years, 1861, 1862, 1807, and 1868, has been added to the Sibsagai* 
register from that of the adjacent station Nazirah ; and the Monghyr register has been 
extended hack from 1818 to 1813 hy means of observations talcen at Patna. The wipter 
falls of these two stations are almost identical, but the summer fall is less at Patna than 
at Moughyr hy about 10 per cent. 

\ 

’ See Niiture, Vol. XYI, p. 339. 

* Sina^ the alx.ve written. I have learnt that the ontltim of the rahi in most districts of the North -Western 
rovina-i lu 1878 has been less than was expected, owin- to hail, bli-ht, and hot winds in the beginninS of March. 



VARIATIONS OK KAINFALL IX XOKTJIERX INDIA. 1S5 

The Tviiiter and summer rainfalls of each station hare heeii tahnlatcd separately 
as in the appendix ; under the latter name is included the rain irhich fell dining t lie 
months of May, June, July, August, September and October in each year, and imder the 
former the rainfall of the remaining months. 

The figures in the tables vary much from year to year, but any very gi'cat devia- 
tions from the moan arc comparatively infrequent. Thus, in the table for Calcutta, 
Tsdiich is the longest ive have, the ivinter rains exhibit distinct minima in 1829, 
1840, 1853, 1800 and 1873. The successive intends from mimmum to minimum 
were thus 11, 13, 7, and 13 years, giving a mean of eleven years. The maxima 
of the udnter rains do not recur so regularly as even tliis; and the summer rains 
are very uTCgular, decided minima occurring in 1832, 1837, 1815, 1853, 1860, 18G5, 
1809, 1873 and 1877. These dates give a mean interval of only 5’G yeara. TJie 
ivinter rains at Jabalpur reached their minima in 1818, 1860, 1809 and 1876, the 
mean length of the cycle being thus apparently 9'6 years, vrhile the summer rains 
fiuctuate more frequently, and exhibit an average period of only 5*5 years. Three 
other registers, those of Ambala, Shahpur and Gujranivala, extend over more than 
twenty years, and these show apparent average cycles for the winter rains of 10, 11, 
and 8*5 years, and for the summer rains of 11, 9, and 10 years, respectively. On the 
hypothesis that there is a periodical variation of the rainfall, notwithstanding the great 
inequalities of the intervals fi’om mini mmn to minimum, or from maximum to maximum, 
the length of the period would appear to he ten or eleven years, tlie shorter inteivals 
exhibited by the fluctuations of the summer rains of Calcutta and Jabalpur being, ac- 
cording to the hypothesis, either fortuitous, or the result of a secondary oscillation of half 
the period, accompanying the otber. The eleven-year cycle is to be preferred to one 
of 10, 9, or 8'5 years, for the reason that it represents best the variation of the winter 
rains at Calcutta, the station with the longest and most tmstworthy register, as ircll as 
on the gi'ound that the amount of precipitation at many widely distant places on the 
earth’s surface has already been found by Mr. Meldrum to follow a cycle of this perioclj 
iPor the present, therefore, it udll he assumed that there is a periodic variation of the 
rainfall, repeating itself every eleven years, and I shall now proceed to inquire how far 
the observations from year to year accord with, or are opposed to, the supposition. Tlie 
results of the inquiiy will at the same time serve to show whether the rainfall variations 
of Northern India suppoil, or are opposed to, IMr. Meldium’s hypothesis, that rain is more 
abundant when sun-spots are numerous, since the two cycles are supposed to he of equal 
length. 

Summer Kaineale, 

When the summer rainfall for each station is aiTanged in eleven-year series, and the 
average rainfall for each year of the 'supposed cycle is calculated, we get the results 
embodied in Table I, A. and B. The number of years on which the average is founded 
is given in the first snb-division of each double column. The groups of yeara including 
1860 and 1870 represent the maxima of sunspots, and the groups containing 1866 and 
1807, the minima. 

* The latest results of Mr.Mcldrum’s researches regarding this question are published in the Hlateriitccst Almanac and 
Colonial jRcgista'for 1S73, 
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YAUIATIONS or UAINrALL IN KOUTHERN INDIA. 

TABLE T—A. 

Atetage Summer Hamf all at mmalayan and Suh-Ilimalayan stations, for each year of the Cgcle. 
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TABLE I— B. 

Average Simmer Rainfall at statiom on the Plains, for each year of the Gycle^ 
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TaUng these numhers year hy year, we find that the maNimDui rainfaU occurred in 
the first year of the cycle at Dharmsala, Dehra and Allahahad; in the second year^ at 
otta ad and Kaini Tal ; in the third, at Dellii, Lahore and Shahpur ; in the fonidli, at 
Bannn, Amhala and Jabalpur; in the fifth, at Lawal Pindi, Simla and Gujranwala; in 
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tlie ninth, at Calcutta and Darjiling; in the tenth, at Peshawar, and in tlie eleventh, at 
Sibsagar, Monghyr and Benares. The minimum minfall of the cycle occurred in the 
first year at Lahore and Gujranwala ; in the third year, at Darjiling and Jabalpur; in 
the sixth, at Sibsagar and Benares ; in the seventh, at Dharmsala, JS'aini Tal, iUJahabad 
and Ambala ; in the eighth, at Simla and jMonghyr; in the ninth, at Abbotabad, Debra, 
Bannu, Peshawar and Dcilii; in the tenth, at Eawal Pindi, and in the eleventh,, at 
Calcutta and Shahpur. As regards the supposed direct variation of the summer minfall 
uith the sunspots, these twenty stations might tliereforc be divided into tlircc groups, 
eight favourable to the hypothesis, namely, Abbottabad, Dharmsala, Delira, B^aini Tal, 
Sibsagar, Monghyr, Benares and Allahabad; seven unfavourable to it, namely, Bawal 
Pindi, Darjiling, Calcutta, Jabalpur, Lahore, Gujranwala and Shabpui’, and five neutral, 
namely, Simla, Bannu, Delhi, Ambala and Pesbawur. 

"With the exception of Calcutta and Jabalpur, the stations unfavourahle to the hj'po- 
tliesis all lie on the borders of the monsoon region, and this circumstance, as I 'will 
endeavour to sliow further on, may possibly seiwe to explain the apparently opposite 
character of the e-ridence given hy two sets of stations as nearly as possible equal in 
number. The registers of the favourable stations, half of which are situated in the North- 
Western Provinces, and one other, Monghyr, in the adjacent Province of Behar, arc all 
too short to allow us to see whether the cycle repeats itself ; as it should do if it be not 
merely fortuitous. It may therefore he considered supeifiuous to follow the discussion 
of the summer rains any farther ; hut for the sake of a more perfect comparison of the 
summer with the winter rainfall, I have, in Table 11, calculated the numbers given in 
Table I as percentage variations from the local means, The means given at the foot 
of tlie table are calculated on the principle of allo'wing each station a weight propor- 
tionate to the number of years which have contributed to form the average on which the 
percentage variation given in any vertical column, opposite the name of the station, is 
foimded. 

TABLE II. 


Varicilion of the Summer Roinfall for caeli year of the Cycle in Fercentages of the Local Means. 


SllTIOSS. 


^ 1st. 

Slid. 

3rd. 

4tU. 

eib. 

Cth. 

7tb. 

8th. 

91U. 

loth. 

lUb. 

Hamm 

• • • 

-14-3 

-42-5 

-2V1 

4-114-2 

4- 4-6 

-17-4 

-13-1 

4-35-9 

-52-3 

-20-4 

-'41-2 

Pcsliawar ... 

... 

-30-3 

4-8S'3 

-21-8 

4- 27-1 

4-3S-4 

4- 1-7 

-G6-1 

-2G-G 

-C4-2 

4-91-0 

-19-0 

A\)botta\iad 


+12-1 

+69-4 

-m 

- 3-8 

4-16-4 

4- 5-1 

-14-0 

4- 8-2 

-38-1 

-11*9 

-12-3 

Rawal Pindi 

'.»r 

- OC 

-15-2 

4- 0 8 

4- 41-S 


-11-8 

-37-3 

--397 

-30*2 

-51-0 

•j-30-5 

Dharmsala •... 

■ • • 

+49-6 

+20-9 

-f- 5-1 

4- 12-5 

-13-3 

-11*5 

-40-8 

4-31-6 

-33-1 

-11-3 

4'35-9 

Simla 


+22-9 

- 4-9 

4* d‘i 

- 69 

4-28-1 

4- 8-4 

-16-2 

-19-8 

-13-3 

-10-6 

- 7-2 

Delira 


-HI'O 

-t-lS9 

4- 7-1 

4- 17-2 

-12-9 

-f 1-5 

-35-S 

-10-3 

-40-4 

4- 0-8 

4-10-8 

Naini Tal ,,, 


+11-7 

+39'7 

4-10-1 

- 1-4 

-16-7 

- 7-9 

-30-3 

4-21-4 

- 1-5 

-14-2 

4-35*2 

Darjiling- ... 


+ 1-2 


-17-9 

+ 4-4 

- 2-9 

4- 1-7 

-17-7 

... 

4-15’9 

-lG-2 

4-13-1 

Sibsagar ... 


+ 6-7 

- 8-0 

-13-4 

4- 27-3 

4-lVS 

-19 9 

- 8-1 

00 

-13-8 

4-15*8 

4-20-4 

Slean for Uiuialaraii 
Stations ... 

+ 7G 

+13‘S 

- 61 

■ 

■■ 

■9 

-23-5 

4- 0-4 

1 -27-1 

( 

■ 

4- 7-2 
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rAE,IATIO^*S or rAINFAIili IX K^ORTIIEllX IXDIA. 

Tarhlion of iU ^vmnier Bainfall for each year of iU Cycle in Percenfaffcs ofilie Local concluded. 


SiATioys. 

1st 

2ntl. 


H 


eth. 

7th. 

eth. 

■ 

m 

nth 

Cilcutta 

^25 

+ 83 

- 56 

- 23 

+ 04 

- 5-9 

00 

+ 04 

+25-1 

- 89 

-105 

Jlon^lnr ... 

_10 3 

+10 8 

— 5 5 

+IS3 

+ S3 

-10 5 

- 7-7 

-21-5 

-163 

+ 09 

+34 3 

Jlennrcs ... ... 

- 47 

+113 

- 70 

+401 

-22-5 

-26 5 

-24 0 

+ 9-4 

-140 

+ 20 

+38 G 

Alkhalnd 

+S5 8 

+ 63 

+10 9 

- 3-8 

- 97 

-13 3 

-47-7 

+27 6 

-34-8 

+23 0 

+43 0 

JnWpur 


- 1-1 

-20-7 

+ 14-1 

+ 06 

+ 4-6 

-12 7 

+ 1-8 

-12-4 

— 32 

+ 42 

Dollti 

+23 9 

+ 83 

+69 5 

+ 85 

+23 2 

-10 6 

-21-8 

-18-3 

-51-1 

- 7-9 

-Ifio 

Anibila 

+ 2-1 

+25 0 

+21-3 


-115 

+ 98 

-40 6 

+25 7 

-38 2 

-12-3 

-15 9 

L'lluire 

-58 3 

- 7-4 

+36 6 

+14-1 

+34‘3 

+19-4 


+11-1 

-51-7 

+ 5-2 

-45 8 

Gnjisimtala 

-3S8 

+11'3 

+18 0 

- 60 

+52 4 

+ 86 

-13'3 

+16 5 

-29 8 

- 3-5 

1 

-198 

Slnlipur 

-147 

-^49 G 

+54-6 

+16 3 

-29 7 

- 37 

-21*8 

+33 6 

-29'3 


— 3S8 

Mean for Plains Stations 

- 29 

+121 

+113 

+16 3 

+ 33 

- 23 

-192 

+ 7-9 

-181 

- 88 

— 84 

General mean 

+ 08 



+19 8 

+ 74 

- 85 



-210 


■H 


The final result is very irregular, since there are no less than three maxima -within the 
eleven years, in the 2nd, dth and Sth years respectively, and tlu'ee corresponding 
minima in the 3rd, 7th and 9th years. After reducing the chief accidental or unperi- 
odic variations hy adding to tlie number for each year half tlie sum of those for the 
preceding and succeeding years, and dividing the sum hy two, we get the following 
series of numbers, -which has been plotted out graphically in figure 6 of the jjlate at the 
end of this paper. 

Years of the cycle ... 1st. Snd. 3rd. 4tli. 5tb. Otb. 7tb. 8tb. 9tb. lOtb. lltb. 

Corrected mean variations +3-6,4' 7’4,+9'8, + 12'6,+ 7*8,— 5*6,— 10‘S, — S‘1,—] 0‘0,~7‘0,—0‘6. 

Tills result accords fairly with the assumption that there is an eleven-year cycle of 
rainfall, and it is veiy similar to that obtained hy Mr. Blanford from a discussion 
of the annual rainfalls of seven stations in Southern India, two of which, Calcutta 
and Jabalpur, are, ho-wever, included in the table given above. In both cases the 
maximum is reached in the fourth year of the cycle, and the minimum follows it closely, 
occm'ring in the sixth year in Southern India, and in the seventh in Northern India; 
in hoth cases also there is a tendency towards a second maximum in the eighth year, 
that in which the sunspots reach their minimum. Neither Mr, Bla-oford’s result nor 
this can, therefore, he said to lend unequivocal support to Mr. Meldrum’s hypothesis ; 
for the character of the oscillation in the case of the rainfall is very different from 
that of the sunspots ; the fall from maximum to minimum occurring in three years, 
and the rise from minimum to maximum occupying eight ; w'^hereas in the average 
sunspot cyle, represented in figure 5, the fall occupies seven years and the rise only 
four. The range of the oseiilation appears to he more than t-wice as great at these 
northern stations as it is in the south. 

'Were tlio total annual rainfaU thus dealt uith, it u-ould, doubtless, display an 
equal, if not greater, amount of irregularity, since the winter fall at all the stations 
except those of tho north-west Panjah is an ineonsideraWe fraction of the whole, and, 
as I shall now proceed to show, it seems to vary inversely with the summer rain. 
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WlKTEIl RaIKPAEL. 

On treating- tlie figures for the ■nintcr i-ainfall 'in a similar ivay, we find e^adence 
of m'ucli greater regularity'. Table III gives tlic average vdntcr rain of each station 
for each year of the cycle, together with the numher of years on which the average 
is founded. 

TABLE III— A. 


Averngc Winlcr Hainfall at Jlimalayan anil Suh-7fmalayan Sfatiom,Jbr each year of the Cycle. 



Uissir. 

rBSUiTTJIt. 

AuBomniD. 

R i-vrri, PjxBi. 

DnXBMSJtLA. 

SlKtJ.. 



DiSJiti'ro. 


Ycin. 

E 

cS 

tr* 

o 

t 

« 

« 

t 

CJ 


rt 

Cl 

>• 

Z 

<J 

c 

C 

o 

>- 

Cj 

C 

k-t 

E 

r* 

c» 

sz 

E 

rs 

o 


t 

ei 

c» 

Cl 

.c 

CJ 

a 

E' 

r- 

c 


II 

wl 

c 

V 

C 

JSGO.&c. 

1 

3-30 

1 

7-50 

1 

18-40 

1 


1 

18-90 

D 

3-70 

I 

3-90 

1 

15-00 

O 

5-93 

o 

w 

2 4-57 

isr,i,&c. 

1 

510 

1 

6-40 

1 

21-90 

1 

12-30 

1 

16-70 

■ 

7-90 

2 

6-70 

0 

7-00 

o 

5-32 

3 

21-63 

l8G2,&c. 

1 

2-90 

1 

G-30 

1 

11-40 

1 


1 

13-50 


6-35 

O 

6-20 

1 

7-40 

3 

8-91 

3 

16-55 

lSG3,&c- 

o 

3‘75 

2 

6-05 

2 

14-15 

2 


2 

18-95 

o 

8-45 

o 

7-30 

O 

S-30 

1 

8-85 

2 


38G4,&c. 

i 2 

C-05 

o 

8-20 


20-G5 

1 2 

i 

: 10-10 1 

2 

20 20 

1 

o 

13-85 

2 

5-90 

<> 

5*95 

1 

7-11 

2 

1 

1 2S-91- 

1SG5, ifcc. 

3 1 

6G5 

o 

11-25' 

2 ' 

1 

22-95 

2 

13-35 

2 

Cl 

o 

15-60 

O 

10-45 

o 

16-70 

1 

3-45 

rt 

21-4S 

ISGG, &c. 

2 ' 

1000 

1 

2 

16-85 

2 

28-00 

2 

18*55 

2 

27-85 ' 

o 

18-95 


11-25 

A 

art 

20-80 j 

1 

11*74 


15-49 

18G7j&c. 

1 

5-20 

1 

200 

1 

18-GO 

1 

8-50 

1 

16-00 

1 

6-30 

1 

4-70 

1 

8-10 

... 

... 

1 

1693 

18G8, &c. 

l’ 

14-40 

1 

10-70 

1 

27-30 

1 

S-GO 

1 

31-10 

1 


1 

11-40 

1 

17-50 

1 

6-41 

1 

26-27 

18G9j &c. 

1 

5-30 

1 

6-20 

1 

25-GO 

1 

17-40 

1 

30-70 

1 


1 

11-90 

1 

16-00 

1 

7-40 

1 


1870, &c. 

1 

1-40 

1 

3-90 

1 

8-30 

1 

2-30 

1 

20-10 

1 

16-20 

1 

7-60 

1 

7-50 

O 

8-59 

1 


Local 

means,.. 

IS 

6-90 

16 

8-51 

15 

20-19 

15 

11-01 

15 

22-11 

16 

11-52 

17 

I 7*05 

16 

1 11-81 

15 

7-42 

20 

20-44 


TABLE III— B. 

Average Winter Hainfall at Stations on the Plains for each year of the Cycle, 



Calcctta. 

1 

MosonTB. 

1 Bekabes. j 

Albahidas. 1 

JABAtrCB. 

Deahi. 

j Amdaba. 

LxnoEE. 

^^E8S^^^1833l 

SnAnruE. 

Vbjlb. 

V) 

k, 

P5 

CA 1 

fl-5 

CJ 

*« 

ts 

I bS 

! S 

, 

Indies. 

S 

cS 

Cr 

>< 

CD 

CJ 

e 

91 

cJ 

iS 

93 

C> 

*3 

c 

W 

tm 

ct 

CJ 

4- 

03 

*0 

3 

M 

1 

a 

1 ^ 

1 o 

' a 1 

1 •— 

. 1 

C i 

Ft ' 

> i 

93 1 

Cj 

Cj 

E 

ft 

CJ 

> 1 


E 

rt 

C» 

-3 : 

c: 

P-a 


K 

1 o 

1 ^ 

1 

1S60, &c. 

4 

5-98 

3 

m 

2 


B 

1-50 

3 

1-76 

3 

i 

3-30 

2 

4-25 

B 

1 

240 


2-53 

2 

2-05 

1861, &c. 

4 

5-60 

3 

2-20 

o 

w 


B 

3-50 

3 

2-60 

3 

3-12 

o 

2-95 

B 

3-10 

i 

O 1 
“ ! 

5-05 

o 

3-65 

1862, &c: 

5 

3-97 

3 

1-74 

3 

2-13 

2 

1-25 

3 

1-44 

3 

2-55 

2 

2-23 

B 

1-30 

1 

2 1 

2-.15 

2 

3-50 

1S63. ic. 

5 

7-05 

3 

1-83 

o 

j 0-47 

O 

0-2S 

3 

1-SO 

4? 

2-S5 

o 

1 

3-S5 

o 

3'55 j 

2 

! 

5-10 

2 

-2-75 

1864, &c. 

5 

5-76 

i O 

1 

1-17 

! 3 

1 

1-43 

o 

0-49 

3 

1-79 

2 

2-G5 

3 

3-30 

2 

2-50 

' o 
i ^ 

3-23 

2 

3-60 

1863, &c. 

5 

8-41 

3 

206 

2 

1-24 

o 

2-00 ! 

1 

3 

4-10 

o 

2-30 

1 ^ 

5-90 

O 


o 

8-25 

o 

7*20 

1866. &c. 

5 

6-51 

3 

3-63 

3 

2-41 

o 1 

3-48 

3 

5-81 

o 

5-30 

3 

10-97 

«> 

G-G5 

3 

10-13 

o 

S-15 

1867, Ac.; 

4 

6-5S 

1 

1 

2-07 

2 

3-33 

, 1 j 

2-CO 

3 

2-SS 

o 

3-24 

2 

0-95 

1 

j 3-30 

2 

1 

2-75 

2 

4- GO 

i 

1S6S, 4L-C. 

4 

_ 5*75 

o 

2-21 

2 

1-06 

1 i 

o-so 

3 

2-17 

o 

2-47 

i 2 

805 

1 

7-80 

i 2 

8-00 

2 

1 

7-55 

1868, Ac. 

4 

5-46 

o 

2-38 

2 1 

1-60 

1 

0-30 

3 

0-32 

o 

3-43 1 

o 

6-00 

1 

4-00 

2 ! 

4-S5 

2 

5-93 

1870, itc. 

4 

4-25 

2 

] 

0-6S 

1 

,0-93 

1 

0-90 ' 

3 

1-66 

1 

2 

1-99 


7‘10 

1 

B 

1-00 

i 

2 i 

— j 

4-40 

2 

4-05 

L 0 c a 1 J 
mean?,,. 

49 

6-96 

B 

1-97 

1 

1 23 

1 

1 

1 1-S4 

l 

16 

1-54 

33 

2-39 

25 

3-01 

25 

5-25 

■ 



5-38 

22 

4-82 
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TAKIATIOXS or EAINrALIi IE EOETHEIIE INDIA. 


From this it appears that the maximum does not occur in the 1st, 3rd, 4th 
or 11th year of the cycle at any station ; that it occurs in the 2nd at one station 
only, Ahahahad ; hut that the rainfall given in the table for the 1th year at that 
station is almost as great, and represents an average of two years instead of the fall of 
a single year; that the maximum is reached atone station, Sibsagar, in the '5th, and 
at one, Calcutta, in the 6th year ; that it occurs at no less than thirteen out of the 
twenty stations, in the 7th year; at one, Benares, in the 8th; at two, Banmi and 
Dharmsala, in the 9th, and at one, Dehra, in the 10th. The minimum amount of 
precipitation in winter ocem's in the 1st year at four stations, in the 3rd at two, in 
the 4th at two, in. the 6th at one, in the 6th at one, in the 8th at two, in the 
10th at one, and in the 11th at seven stations. 

Tlie driest years of the cycle thus appear to be tbe 1st and the 11th, and the 
wettest year, the 7th. In fact, if we divide the cycle into a group of many sunspots, 
including the 11th, 1st, 2nd, 3rd and 4th years, and a group of few sunspots, 
including the remaining years, fourteen out of the twenty stations support the 
hypothesis that the printer rainfall varies imersely with the sunspots, none are opposed, to 
it, and six may he classed as neutral, that is, they support the hypothesis as regards one 
epoch, cither the maximum or the minimum, and are opposed to it as regards the other. 
These stations are Peshawar, Naini Tal, Darjiling, Jahalpur and Ambala, with the maxi- 
mum favourable and the minimum unfavorable to the hypothesis, and Allahabad, uith 
the maximum unfavourable and the minimum favourable to it. ■ 

TFlien Table III is thrmvn into the form of percentage variations from the local 
mean for each station, we get the results exhibited in Table lY. 

TABLE IV. 


Variation of the Winter Rainfall for each year of the Cycle, in Verceniages of the focal Means , 


Srj.TIO’TS. 

1st. 

2nd. 

3rd. 

4th. 

Ctb. 

Cth. 

7tli. 

8tb. 


10th. 

nth. 

Bannn 

-4ri-l 

- 13 6 

-60*8 

-36-4 

+ 2-5 

- 

4- 69-5 

-11-9 

4-144-1 

-10 3 

-76-3 

I’csliavrat 

-1V9 

- 24’8 

“26-9 

-28'9 

- 3-6 

4-32-2 


-76-5 

4-25 7 

-27-1 

-54-2 

Abbottabad.,. 

- 8-8 

4- 8-5 

-43-5 

-29-9 

4- 2-3 

4-13-7 

4- 38-7 

- 8-4 

4- 35-2 

-f-2GS 

-58 9 

liawal ritidi 

-32'? 

+ 11'7 

-44-6 

-15-5 

- 8-2 

4-31‘2 

4- 08-5 

-22-8 

- 21-9 

4-58-0 

-701 

Dbannsala ... 

-14-5 

- 2r5 

-38 9 

-14-5 

- 86 

4-14-7 

4- 25-9 

-27-0 

4- 40-7 

4-388 

- 9-1 

Simla ... ... 

-6r-9 

- 341 

-44 9 

-26 G 

4-20-2 

4-35-4 

4- 64-5 

-45-3 

4- 2-4 

4- 5-0 

+ 40-G 

Dobra 

' 

-509 

- 15-7 

-22 0 

- 8-2 

-25-8 

4-31-4 

4- 41-5 

-40-9 

4- 43-4 

-f-49-7 

- 4-4 

Ealni Tal ... 

+26-2 

- 40-7 

-37-3 

-29-7 

-49-6 

4-41-4 

4- 76-1 

-31-4 

4- 48-2 

4-35-5 

—36 6 

Darjiling ... 

-20*1 

- 283 

4-20-1 

4-19-3 

- 4-2 

-63-5 

4- 68-2 


- 13-6 

- 03 

4- 15-8 

Sibaagar 


4- 6-8 

-19 0 

- 1-9 

-f41-5 

-p 5’1 

- 24-2 


4- 235 

- 70 

- 4-6 

Moan for Ilimalavan 












Station* ... 

-17-0 

- 16-3 

-23’3 

—19-2 

- 3-4 

-fl7-3 

+ 51-3 

-31-2 

-f 33-3 

4-21-4 

-22-S 
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Variaiion, of lha Winter Jiamfull for each year of (he CyciCf ijt Pcrccntaycs of the lAKot 3feans — concludnl. 


StXtIOKS 


1st. 

Sad. 


4tU. 

Ctb. 

Cth. 

7th. 

Bth. 

oth. 

Knh. 

llth. 

Cftlcnttn 


+ 0-3 

- CO 

-33-4 

+1S-3 

- 3-4 

+4V1 

+ 9-2 

+10-1 

- 3-5 

- 8-4 

-28-G 

Mougliyr ... 


-3G-5 

+ 11*7 

-11-7 

- 7*1 

-40G 

•f“ 'I'G 

+ 81-3 

+ 5-1 

+ 12-2 

+20-8 

-G5-5 

Benares 


+22-3 

+ 22-3 

+15-8 

-74-5 

-22-3 

-32'G 

+ Sl-0 

+81*0 

- 42-4 

^ O.Q 

*r •1' 

-49-4 

Altaliabad ... 


- 2-B 

+127-3 

-lS-8 

-81*8 

-6S-2 

+29-9 

+12G0 

+GS-S 

- 4S-0 

-80'5 

-41-6 

Jabalpur 


-2G-3 

+ 8-8 

-39 7 

-2t*7 

-25-1 

+ 71-5 

+143-1 

+20-5 

- 9-2 

-8C-G 

-30 5 

Oelbi 


+ 9 G 

+ 3‘G 

-15-3 

- 5*3 

-10-3 

-23-5 

+ 7G1 

+ 4-3 

- 179 

+ 14-0 

-33-.n 

Ambala 


-190 

- 43-8 

-57-1 

-28-6 

-37-1 

+12-4 

+10S-9 

-Sl-9 

+ 63-3 

+14 -3 

+35-2 

Lahore 


-37'7 

- 10-2 

-GG-2 

- 7-8 

-35*1 

+22*1 

+ 72-7 

-14-3 

+102G 

+ 3-0 

-74-0 

Gujranwalft 

- 

-62-0 

- G1 

—54-5 

- 5-2 

-39-6 

+53-3 

+ 88-3 

-48-9 

+ 48-7 

- 0-8 

-18-2 

Sltabpup 


-57-5 

- 21-3 

-27-4 

-42-9 

-25-3 

L 

+ C9-1 

-45-G 

+ 5G-G 

+23-4 

-15-9 

Mean for I’lnins 

Stations 

-17-9 

+ 2-3 

-27-0 

H 

—27*5 


75'0 

- 1-0 

+ 11*1 

+11-9 

-28-4 

General mean 


-17*6 

- 4-6 

-25-6 

-19-5 

-17-0 

-I-221 

+ 65-4 

-10-4 

+ lS-3 

+14-9 

-2S-C 


It is eyident from tliis, that the 3rd, 4-th and 11th are the dilest years of the cycle ; 
the rainfall at every station hut two being below the average in each of the foianer 
years, and of every station except three in the latter. On the other hand, the rainfall 
was excessive at all the stations except fom' in the 6th year, and in the 7th the 
excess was very great at every station but one. By combining these, duo allowance 
being made for ditferences in the number of years winch contribute to the average in 
each case, we get the general mean given at the foot of the table. This shows tliat the 
winter rainfall is defective in the 11th, 1st, 2nd, 3rd, 4-th and oth years of the cycle ; 
and excessive in the 6th, 7th, 9th and 10th years. There is a secondary minimum in 
the 8th year, due chiefly to the influence of the hiU stations, in the registers of which 
that pari of the cycle is represented bj'- the single year 1867.* Distributing the greater 
irregularities by the process given above for the summer rains, we get the following 
values for the mean annual variation : — 

Years of tlie cycle 1st. Snd. Srd, 4th. 5th. 6th. 7th. 8th. 9th. 10th. 11th. 

Variation ... — 17'1, — 13'0, — IS'S, — 20*4, — 7'8, 4-2*3'l, +35’6, +15'7, +1,0*3, +4*9, *—14*9 

These nnmhers, when plotted out as in figine 7, give a curve the lowest point of 'wliicli 
lies between the 3rd and d-th years, and the highest between the 6th and 7th, thus 
almost exactly representing the inverse of the curve for the summer rain. 

, The form of this curve may, however, he determined almost entirely hy the rainfall 
of the last decade, for more than half of the registers under discussion are less than 

’ Fccondaiy minimum 'would disappear if tbe winter rainfall of 1878 , which has been unusually heavy, were 

included in the table. 
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twenty yeai’s in length, and we know the year IS'?? ^as everywhere cliai’acterised hy 
an excessive amount of rainfall in the earlier months, while in 1873 the -winter and 
spring rains failed over the gi’eater part of Northern India. In order to prove that the 
result is other than fortnitons, it is necessary to inq^nire whether, in the more extended 
re'^isters, we can find any appearance of a repetition of the cycle. If the cycle should 
prove to have been repeated several times in succession, the prohahihty of it's being 
merely accidental will become so veiy small as to he quite inappreciable. 

On refening to the tables in the appendix, we find that, if we count hack from 
1877, the Calcutta register includes four complete cycles, 1834J-77 ; the Jabalpur 
register covers three cycles, 18d5-77 ; the registers of Ambala, Shahpur and Guiranwala 
each include twenty-two years, 1856-77, and those of tivelve other stations show a contin- 
uous record for the last eleven years. By converting the winter fall of each year into 
a percentage variation from the local mean, and taking the average of these for each of 
the four cycles separately, we get the following table : — 

TABLE V. 


Pcrcentarje Fariaiions of iJie Winter Bainfall from the mean tluring the ^ears of each C^cle. 


1 

Cj-cle. 

1st 

2nd. 

3rd. 

4ih. 

1 Bth. 

1 

i 

Cth. 

m. 

fi(b. 

j 

0th. 

lOth, 

I 

■ JithfMr. 

nt, 1834-44 (1 Station) 

-27'0 


1 

-56-8 

-620 

-G7’0 

-28-6 

-791 

-14-2 


4- 13*9 

- sss 

2u(l, 1815-53 (2 Stations) 

I -f-56-S 

-18‘8 

-20-3 

-794 

4-32-3 

-156 

- 9-2 


■M 

4-125-8 

4- S7'8 

3rd, 183C-66 (5 Stations) 

-29 0 

-14-6 

-51-2 

-f 12-2 

-57'0 

-11*0 

-23-3 

-29-6 


4- !)9’2 

4- 6-7 

4tb. 1867-77 (17 Stations) 

1 -^3 

1 

1 

'f53'2 

-fU'2 i 

-280 

1 

1 

-13-8 

4- 4-9 

-48-2 

1 

-24-5 

-26-3 

- 40-1 1 

4-169-5 


Tins table, notwithstanding many apparently anomalous oscillations, exhibits a con- 
sidevahle degree of uniformity as regards the epochs of maximum and minimum in 
each cycle. The years of maximum rainfall of the four cycles were 1842, 1854, 1865 and 
1 877 , giving intervals of twelve, eleven, and twelve years ; and the minimum years 
were 1838 or 1840, 1848, 1860 and 1873, that is, the minimum recurred at intervals of 
eight or ten, twelve and thirteen years. These dates may he readily verified by 
referring to the zig-zag fine in figure 2, where the numbers in Table V have been 
plotted out. The upper curve, figure 1, is plotted from Wolf’s relative sunspot numbers 
inverted. The years of sunspot minima, as given by Wolf, were 1843, 1856, 1867 
and (probably) 1877, and those of sunspot maxima, 1837, 1848, 1860 and 1870. The 
maximum of winter rainfall would therefore appear to he reached on the average rather 
more than a year defore the minimum of sunspots, and the minimum rainfall appears 
either to coincide with or to follow the maximum of the sun-spots at about an equal 
interval. The two phenomena cannot, therefore, he directly related to each other as 
cause and effect, though they may both he the effects of a common cause. 

The regular repetition of the oscillation above and below the mean is more clearly 
seen ^^ken the irregularities of the zig-zag line are rounded off by the process above 
esen et , t at of taldng triennial means in which the middle year is allowed double 
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■weight." The annual Tariation, "when modified in this way and plotted out, gives the 
tliick curved line of figure 2. 

Oteler IMeteohologicad Elements. 

Immediately below the curve of winter rainfall is drawn another (figure 3) repre- 
senting the variation of the annual mean temperature in the tropics, coiTccted in the 
same way as the rainfall variation by taldng triennial means.' Erom 1831 to 1SG2, this 
is simply a reproduction of the curve given by Koppen in the Journal of ilic Ausirimi 
Meteorological Bociety, Vol. VIII, No. 17, deduced from observations taken in the Dutch 
East Indies, on the continent of India and in tropical America. The remainder of the 
curve has been drawn from the results of Indian observations alone, and unfortunately 
tlie longest temperature registers at hand did not belong to exactly the same stations as 
those on Koppen’s list.^ In consequence of tins, the continuation of the curve from 
1863 onwards is of somewhat doubtful accuracy, and, in drawing any conclusions, this 
portion should only be allowed one-third or one-fourth of the weight assigned to the first 
part. "Were it corrected by observations from other "tropical countries, it is probable 
that some of the minor oscillations in the latter part of the curve would disappear. 
Nevertheless, the coincidence of the two curves, representing tropical tcmpei’atm’c and 
uinter rainfall, is sufficiently striking to incline one to think that the two phenomena 
must either be related to each other as cause and effect, or at least the effects of a 
common cause. This would, of course, be an unsafe conclusion to dra^v fium the present 
evidence alone ; but if curves derived from the rainfall of other countries besides India, 
and from the temperature observations of other tropical countries, ■\v’^ei'e to show an equal 
degree of similiarity, the conclusion could hardly be resisted that there is a causal con- 
nection between the two phenomena. 

What the order of this connection is, will probably be indicated by the order in 
which the two phenomena reach their maxima and minima. The following table gives 
the approximate epoch of maximum and minimum of the two, as calculated by the 
method of differences from the elements of the curves. The figmus printed in italics 
are founded upon Indian obseiwations alone, and ai'e not so trustworthy as the others, 
wliich are calculated from Koppen’s data.^ 

TABLE VI. 

Ifaximum and Mlinimum epochs of tropical temperaivre and jointer rain. 


MimuA. 


2I/.XIUA. 


Tcmpcratarc. 

RaJnfalL 

Tcmp«raturp. 

Kainfall. 

183&9* 

1837-8 

1843-7 

1842-7 

1817-7 

1848-1 

1854-7 

1855*0 

185S-4 

1860-6 

ISGo'l 

18C5-5 

1874‘8 

1874-7 

(1S76-3) 

{1876-9) 


^Tbe corrected value given for tlic last year in each of the curves is the simple mean of 1876 and 18<7. 

"Koppen employed the registers of Calcutta, Madras, Bombay and Kathmandu. The continuation of the curve is 
obtained from the registers of Calcutta, 1863-76; Bombay, 1863-69 and 1875-77; Vizagapatam, 18/0-77 ; Eoorhee, 1863-// 
and Agra 1863 and 1865-77- v 

* It is perhaps hardly necessary to state that Professor Piazzi Smyth, Mr. E. J, Stone, Dr. F. G. Ilahn, and others, 
have independently discovered the eleven-year cycle of temperature. 

■* At the beginning of the ye.ar the decimal = 0. 
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Prom the four epochs of mmimum given in the table it appears that the least iriatcr 
rain follows the loivest annual temperature at an average interval of 9'lOths of a ycar^ 
and from the three maxinium epochsh that the heaviest rainfall follows the liigliest 
temperature at an average interval of one-fifth of a year. So far as the data wairant 
the drawing of any conclusion, therefore, it appears most probable that the variation 
of tropical temperatnre is the cause, and that of the rainfall the effect. Prom the above 
table it also appears that the winter rain is generally most abundant about a yenr 
before the minimum of sunspots, wliile the minimum ininfall oociu’s sometimes a little 
before, and sometimes a little after the sunspot maximum, as has been stated on a previous 
page. I do not, of course, mean to assert that the temperatm’e variations here indicated 
arc sufficient to account for the observed variations of rainfall, but only that they must 
he coimted as one, and not an unimportant one, of the causes of these changes in the 
amount of precipitation ; and it is, I believe, not opposed to any of the knovm laws of 
physics to assume that vamtions of solar activity must affect rainfall chiefly through 
the medium of terrestrial temperatm-e, or, to speak more exactly, of the temperatme of 
ti-opical seas and of the air over them. 

I have elsewhere shown^ that the known laws of the winds render it probable that 
a liigher temperature than usual in the tropical parts of the ocean will he accompanied 
by an increase of the rainfall of temperate regions, since the upper cuiveut, known as 
the antitrade^ will probably, under such conditions, blow more strongly than usual, 
and, at the same time, he supplied with a greater abundance of aqueous vapoui*, owing to 
the high temperature of the oceau over which it rises. This ■^riew is sti’ongly supported 
by the law which lias been clearly established by the labours of Mehlmm and Poey, that 
tlie cyclones of tropical seas are most frequent in cool years, or, as Meldmm says, in years 
of maximum sunspot. The condensation theory of the origin of these storms wliich Las 
been steadily gaining ground for many years, until now — as regards the Bay of Bengal at 
least — its truth may almost he taken as demonstrated, assumes that the source of the 
energy of the storm is the latent heat given out by the condensation of water vapour 
over the place of evaporation.^ The conditions that give rise to tliis are a nearly 
uniform barometric pressure with light winds or calms over the area in wliich the cyclone 
is generated, and these conditions obviously imply that the usual atmospheric currents 
by which the vapom: is generally removed as fast as it is formed, must be less steady and 
powerful when cyclones are numerous than when they are few. We may, therefore, with 
some show of reason, conclude that the great convection currents of the atmosphere 
increase and diminish in steadiness and velocity in the way here indicated, and if they 
do, the variation of the udnter rainfall of India can he satisfactorily accounted for. Tliat 
the winter rainfall of temperate regions is subject to a flluctuation similar to that of 
Northern India, is rendered highly probable by the circumstance, that at nearly all the 
stations in North Africa, Western Asia, and Southern Europe, where the chief rainy 
season is hi icinteTi the total fall of the year is below file mean at times when the sun- 
spots are numerous that is, when the temperatnre of the tropics is below the mean, and 

'^o dates fflve n i n tradiets are only estimates founded on the apparent average interval from masimum to maxiflautn. 

Rfl/arf, Vol XVI, page 500. 

» Mr. .T. EUot's Report on the Tizagapatam and Backergunge Cyclones of October 187C. 
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above tlic average -vvliGii the sim is free from spots — tliat is, v'hen tropical regions arc 
hotter than usual. This result has been arrived at bjr the late Professor Jelmeh, and is 
given in liis article in the Journal of the AnsirUm Mcieorological Societif^Yol.yiilly 
11^0. 6. The winter rainfall of London is subject to a variation similar to that of ISTorthern 
India, as shown by the £ollo^vmg table, which represents the mean rainfall of the months 
of January, February, March, October, jN'ovember and December, for each year of the 
eleven-year cycle, commencing with 18G0, &c. 

TABLE VII. 

Years of the cycle Ist. 2nd. 3rd. 4th. 5th. Gth. 7th. 8th. 9th. 10th. 11th. 

Observed ll'‘J7, 12-44, 10-38, 12-89, 10*19, 12-59, 15-80, 10*20, 12-71, 11-98, 11-03. inches. 

Corrected 11-75, 11-68, 11-52, 11-59, 11-47, 12-79, 13-00, 12-23, 11-90, 12-07, 11-68. „ 

The figm-es are taken from a table by IMr. G. Dines, published as a supplement to the 
third part of the Qnm'terly Weather Report for 1873. They extend over the sixty ycai-s 
1813 — 1872. The second line gives the triennial means wlien the middle year is allowed 
double weight. Dr. Draper, in his report on the Meteorology of New York for the year 
1876, has shown that the -winter rainfall of that station is also subject to a similar 
variation. 

For some reason, however, which is by no means obvious, the summer rainfall of 
London and other stations in Western Europe resembles that of the countries bordering 
V on the Indian Ocean in being hea-riest at times of maximum s-unspots, but it is probable 
that in the interior of continents this also is greatest at the period of highest tropical 
temperatm-e. A reference to Table I, given above, will show that at eight stations on 
the borders of the monsoon region, tbe summer rainfall of the 4tb, 6th, and Gth 
years of tbe cycle is greater than that of tbe lltb, 1st, and 2nd years. Tbe triennial 
means for these two periods are given in the following Table : — 

TABLE VIII. 


Mean Summer rahtfall Stations on the borders of the Monsoon lief on. 


SllTtOSS. 

Banna. 

Peshawar. 

Ambalo. 

Simla. 

1 

JL'iwal Pindi. 

1 

Lahore, i 

1 

1 

Gnj ran wall. 

Sfbsjfrar. 

Mean of lltli. 1st and 2nd years ... 

5-50" 

6-00" 

3201" 

5917" 

1 

22-80" 

9-50" 

16-80" 

77-40" 

Wean of 4tlj, Btli and 6tli years ... 

10-93" 

6-50" 

34-56" 

62 73" 

1 

i 

27-55" 

18-53" 

23-61" 

78-15" 


The first three years represent approximately the coolest part of the cycle, and the other 
three the hottest. Only two of the stations of the North-West Panjab, included in 
Table I, exhibit an opposite relation between the summer rainfalls of the two epochs. 
These are Abhottahad and Shahpur, and the excess of rainfall in the cool period is incon- 
siderable in both cases. 

The depth of water in tbe rivers of Northern Europe is said to vary sbgbtly with the 
sunspot area, hut whether this vai-iation is more nearly direct or inverse I do not know. 
In. America, the great lakes fluctuate in level .according to the same cycle, and from a 
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dianram of the relative heights of the water-level of these lakes at different periods, given 
in a paper hy G. M. Bawson, in Nature, Vol. 9, page 506, it would seem that high- 
water generally precedes the sunspot maximum, hy two or three years, being thus 
apparently an effect of the high temperature and heavy winter rain of the years about 

the pimdous sunspot minimum. 

Another important meteorological element, the absolute humidity of air, seems to 
vary in the same way in the interior of continents. Mr. H. B. Blanford, in the Indkm 
Meteorologisfs Vade Mecim, page 225, gives a table showing that there was a regular 
decrease in the tension of vapour in the atmosphere at Colombo from the year 1871 to 
1876. This may, perhaps, he fahly assumed to represent the variation of the absolute 
humidity of the air over the northern part of the Indian Ocean ; and, as far north as 
the Himalaya, the vapour tension appears to vary in the same general way, though hy 
no means so regularly. Thus, from the next table, which represents the mean vapour 
tension at Eoorkee at 10 a.m., and 4 p.m., we see that the highest numbers for the whole, 
year correspond to 1871 and 1876, and the lowest to 1876 and 1877 • 


TABLE IX. 

Mean Vapotir Tension <xt Roorlee. 



1S63. 

1SC9. 

1 

1870. 

1871. 

1872. 

1873. 

1874. 

1876. 

1 1870. 

1877. 

C*ir 1*1 fit 

• 534 " 

• 560 " 

• 645 " 

• 668 " 

• 660 " 

• 518 " 

• 536 " 

• 668 " 

• 509 " 

• 493 " 

•It f** 

•372 

•440 

•395 

■303 

•371 ^ 

•327 

•363 

•387 

•354 

•393 

aff «aa 

•854 

•901 

•950 

•926 

•925 

•909 

•936 

1 

■923 

•860 

•776 


The tensions in Inly vary more regularly, reaching the maximum in 1870, and the 
minimum in 1877, with a secondary minimum iu 1873. On the other hand, the vapour 
tension during March, which is the cold-weather month of greatest precipitation at the 
Horth-Westem stations, reached its mmima in 1871 and 1873, and its maxima in 1869 
and 1877, the numbers following closely the variations of tropical temperature as shown 
hy the curve, figure 3. At Bombay, to the south of the region of the winter rains 
however, this variation of the vapour pressure can hardly he traced. I am indebt- 
ed to Mr. C. Chambers, r.n.s., for a table of the mean vapour tensions recorded at the 
Colaha Observatory from 1871 to 1877, which, added to the results published iu the Ob- 
servatory Report for 1865-70, gives a table covering thirteen years. The mean for 1877 
is the highest in the series for the whole year, and that for 1872 the lowest. Bor the 
"winter months, October, November, Becemher, January, Behmary and March, the 
highest mean vapour tensions are those of- 1868, 1871 and 1877, and the lowest those 
of 1866, 1872, and 1874*. 


Mhen we cross the Himalaya and come to the stations of the Russian Empire, we 
find that the mean annual vapour tension fluctuates periodically in the same way as the 
ivinter rainfall of Northern India ; and that some even of the minor fluctuations of the 
tn o phenomena coincide ; showing that they ai’e probably concurrent effects of tlie 
same cause. Out of the immense quantity of data given in Br. H. Wild’s elaborate 
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paper on the dimnal and annual march of humiditv in Enssia,^ I have chosen tlic 
annual registers of seven stations as mdcly distributed as is consistent -vvith the condition 
tliat each register must he at least twenty years long. These arc'St. Petei’shing, Cathc- 
rinenhui-g, Slatoust, Barnaul, Neiischinsk, Lugan, and Tiflis. The annual mean vapour 
tensions of these stations, when arranged in eleven-year series, give the following percent- 
age dmdations from the mean for each year of the cycle commencing with ISCO, ; — 

TABLE X. 

Years of the cycle 1st 2nd 8rd 4th 5th Gth 7th 8th 9th 10th llih. 

Vaviatioa ... — 1‘2 — 1-2 — 1*4 -f 1*3 + O'C + 2*2 + 0*2 — 0*S + 0*2 + 1*6 — 1*1 

The lowest degree of absolute humidity at inland stations thus appears to occur in 
the 11th, 1st, 2nd, and 3rd years of the cycle, and the highest in the 4th, 5th, and Gth, 
and there is a secondary minimum in the 8th year ; in most of which points tliis agrees 
^vith the uinter rainfall of Northern India and the summer fall of the eight stations 
on the borders of the monsoon region given in Table YIII. The lowest cmwe, Bg. 4, ii 2 
the plate at the end of the paper, represents the variation of tliis clement from year to 
year, when the variation of each single year is modified by adding to it half the sum of 
those for the preceding and succeeding years, and dividing by two. Here also the evidence 
of a periodic repetition of the phenomenon is very strong, and the form of the curve is 
veiy like that of the temperature curve in every part except about the secondaiy mini- 
mum in 1845.^ It may therefore be fairly concluded, tliat winter rains in Northern 
India occur simultaneously with an increase in the quantity of aqueous vapour in the 
atmosphere over Eastern Europe and Western Asia, and that the cause of both may 
possibly be found in an unusually high temperature in the tropics, whereby tlie evapoiu- 
tion of the waters of the ocean is accelerated, and the upper cinrent of moist air, knomi 
as the antitrade, has its velocity increased. 

Eormeu Hkoughts and Scarcities. 

The records of former droughts and scarcities do not throw any vciy clear light 
on the question of the variation of the winter rains. Erom Mi\ Girdlestone*s Fast 
Famines in the Forth-Western Provinces we learn that, since the country came imder 
British rule, famines or scarcities due to the failure of the summer rains have ocemved in 
- the years 1783-84, 1803-4, 1813-14, 1825-26, 1833-34, 1837-38, and 1860-61. To these we 
may add the more recent famine of 1866, in Orissa, and of 1868-69 in Bajputana, 
as well as those of 1873-74 and 1877-78 with which every one is familiar. The first 
and greatest’ of these famines corresponded to a sunspot minimum, and we read that 
the distress abated at the end of Eehruary, owing, doubtless, to the fall of good winter 
rains. The second occurred at a sunspot maximum, and the succeeding winter rains 
failed, thus aggravating the distress which was at first slight. The third occupied an 
intermediate portion of the solar cycle, and the winter crop that succeeded it was a 
good one. The drought of 1825 occurred nearly midway between minimum and maxi- 
mum, and there was a general failm-e of the succeeding winter rains ; that of 1833 

1 Hcpertorium fur UTetcorologlc, Yol. IV., No. 7. 

' ' This Tvas an unusually cold year at all tliC Eussian Stations. 
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coincided Trith the sunspot minimum; hut wc have no information regarding the winter 
rains of 183d', excepting that at Calcutta, as showm by the table in the Appendix, they 
"were somew^hat below the average. 

Tlie great famine of 1837-38, and that of 1860-61, both ocom'rcd at times of maxi- 
mum simspots. There was, in both cases, a partial failure of the summer rains, followed 
by an almost complete absence of the usual winter fall ; and in 1860 the rains, which 
even in the driest years generally came down about the end of September, or the 
beginning of October, preparing the ground for the winter crops, failed entirely. Tlic 
di-ought of 1868, on the other hand, hhe those of 1876 and 1877, ended with a good 
downpour of rain at the end of the season, and was followed hy fairly abundant 
winter rains. 

The summer rains of the North-'W'estern Provinces and E-ajputana have, therefore, 
failed quite as often when sunspots were numerous as when they were few; hut 
whereas, in the former case, a compaintively slight scarcity has generally been developed 
into a severe famine through the failure of the winter rains, this has seldom happened 
in the latter case, the distress at such times being alleviated hy the ingathering of the 
rahi harvest, rendered more abundant than usual by a copious winter fall. The facts 
here pointed out, together with the circumstance that the sunspot period itself varies 
greatly in duration, render it obviously impossible to predict the occun’ence of droughts 
and famine years before they actually happen. The utmost they can do is to 
afford a rather strong presumption, that when the summer rains fail, as they did ia 
1877, at a time when the sun is free from spots, the succeeding wrinter rains will be 
up to or over the average, and that when a dry summer occurs, as in 1860, at a 
time of maximum sunspot, there is a certain probability that the winter rains will 
fail also. 

ATTEilFTED EXPLANATION. 

The observed variations of temperature, humidity, and rainfall, detailed above, W’hen 
studied in connection with the laws of the monsoons, ‘will probably serve to explain 
tliis impartial distribution of drought and famine between the two epochs of the 
sunspot cycle in Eorth-lVestern India, and at the same time may show w^'hy Southern 
India resembles most tropical countries in having least rain about sunspot minima ; 
wliilc the seasons of Burma, in the same latitude, appear to vary in the inverse 
direction. 

Taking for granted that there is an eleven-year cycle of temperature, we may 
fairly assume that the range of the oscillation will resemble that of the daily and yearly 
variation in being much greater on land than at sea, and in being greatest of all in dry 
and desert tracts such as Sindh and Rajputana. Countries like the greater part of tlie 
Madras Presidency, the North-'W'estern Provinces, and the Punjab, that are nearly 
devoid of timber, will show a much greater amplitude of temperature variation than 
others, such as Bmana and Lower Bengal, wliich are well clothed with forest or other 
vegetation. The great haK-yearly reversal of the winds over the Indian continent, 
commonly Imown as the change of the monsoons, being primarily caused hy the greater 
range of temperature in the interior and north-w^estern part of the continent of 
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India tlian ovor tlic ocean to the south, it is prohahlc that the indimight of moist air, 
which constitutes the summer monsoon, will he more powerful at a period of high 
terrestrial temperature tlian -when the general temperature of the earth’s surface is 
helow the mean. On this theory, the summer rains of Rajputana and the adjacent parts 
of the North-TTestern Provinces and the Panjah should he defective at times when the 
general temperature of the tropics is defective, oning to the monsoon cma'cnt being 
then unusually feeble. A notable instance of this ocemTod in 1837, and minor instances 
occurred in 186d! and 1873. On the .other hand, in years like 1833, 18GG, 18GS, and 
1877, when the tropical temperature is high, the monsoon cmTcnt should set in with 
unusual strength ; but if the temperature of the land be very much liigher than that 
of the sea, as it rmdouhtedly is in such yeai-s, a cmTcnt of air, which is saturated, or 
nearly saturated, with vapour as it leaves the sea, will, without any precipitation of 
moisture, become drier and drier as it passes inland, unless it meets ivith some ob- 
stacle, such as a mountain range, or is forced in some other way to rise upwards and lose 
heat by expansion. We niigbt therefore expect that in Northern India such a cun-ent 
would only hegin to precipitate its vapoiu’ when it readied the Himalaya, or the extreme 
north-west of the Panjah. This has been well illustrated dm'uig the present rainj’’ 
season (1878). The temperatoe of the North-Western Prcvlnccs in June and July 
■was unusually high, and the indraught from the Bay of Bengal was very powerful ; yet 
the rainfall of the central and eastern parts of these pro^unces was far below tlic 
average in July and August, and also in September — tlie unusually high temperature 
continuing to the end of the season ; and there was a corresponding excess of precipi- 
tation in the Panjab and tbe north-western part of these iirovinces. 

It has been pointed out by IMr. Blanford that in India the variations in the direction 
* of the ndnd, by which the distribution of the rainfall is controlled, arc apparently tbe 
effect, not so much of tbe absolute distribution of atmospheric pressure at any time, as 
of the relative excess or defect of the actual pressme at each place when compared ndtli 
the average for many years, and of the relative distribution of these pressure anomalies. 
It appears that in hot years, such as we have been considering, there is always, for some 
reason not fully understood, a relative excess of pressure towards the north-west of 
India, which has the effect of deflecting the cuiTcnt which generally sets in towards 
Bajputana from the Arabian Sea in a southerly direction, thus sending its moisture to 
he precipitated on the MUs of Central India instead of on Bajputana and Bundelkhand. 
Another effect of this high pressure towards the west is the production or continuation 
of a strong, dry, westerly cuiTent down the Gangetic Valley, which effectually hai-s the 
way of the south-easterly cuiTcnt ii'om the Bay of Bengal, compelling it to pour out 
its moisture over the lower provinces. Tliis condition was maintained all through the 
monsoon months of 1877, as well as in the earlier part of 1876, and there is some 
evidence that similar conditions prevailed in 1868 and the beginning of 1SG9,^ and 
perhaps, also, in 1833, and prerious famine years. In illustration of this point, I have 
drawn up the following tables which represent the pressm’e anomalies of four stations 
in the North-Western Provinces for different years. The pressures from which the 

* Soo Mr. H. F. Blanford’s papers in the Journal of the Asiatic Sodefj/ of JBcnjal, Part II, Yol. XIV, page 27, and 
Vol, XXXIX, page 123. See also the Indian Mcicoroloffisi’s Vadc ilfccKW, page 97. 
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taliles are calculated are the means of the 10 A.si. and 4 f.m.' ohserrations, and the 
standard of comparison adopted for each station is the average monthly pressine fop the 

ten yearSj 18GS — 77. 

TABLE XI. 

Total Barometric Anomalicst 1865. 


TtoorliCC ... 

January. 

February 

^arch. j 

April. 

May. 

1 

June. 

July. 

August 

September. 

1 

j Oclober. 

iNovcmbcr. 

1 

: December. 

- J --182 

1 

+ 046 

+•091 

+•001 1 

1 

1 

—•oil 

+■007 

—■017 

1 

+■017 

1 

—•012 

1 

o 

1 ” 

1 

—•020 

—009 


The year 1865 was cliaracterised hy excessively heavy snow and rainfall on the 
Himalaya in January, Eehruary, and March, amounting at Haini Tal to 39-66 inches 
for the three months, according to the published reports (though these seem rather 
doubtful), the average being only 8 inches. In January alone over 16 inches fell, 
chiefly in the form of snow. The cliilling effect of this uddely extended snowfall is seen 
in the excessively high pressure of the first three months of the year at Eoorkeo. In 
May the pressure fell considerably below tlie mean at Eoorkee, and the minfaU of the 
month was in excess. In Jime the pressure was a little above the average, but in July 
it again fell below it, and the summer mins then set in in full force. The fall was up to 
the average everywhere, and in the Himalayan stations was very excessive in August 
and September. The year was thus one with copious winter mins and snows, followed 
hy abundant summer rains, which set in a nearly month later than usual. 


TABLE XII— A. 

Total Barometric Anomalies, 1S67. 



January. 

Febmarj 

March. 

j 

April. 

May. 

June. 

July. 



October. 

MoTcmbcr. 

Deccrabet, 

Ttoorlee 


0 


+•036 

-•013 

+•037! 

+•010 

1 

-•001 1 

-•041 

+•021 


1 +052 

Agra 


+02S 

+05G 

+■052 

+•026 

+'042 ' 

+•037 

-‘OOG 

-•034 

-019 



Ajuiero 





-■024 

-•013 

-•005 

-•076 

-•018 

+•024 

+•045 i 

1 

+•032 


TABLE XII— B. 


JRelativc Barometric Anomalies, 1867. 


Uoorlpc to Agra 

Ajmcre to Apra 

January, 

February. 

1 

March. 

April, j 

Way. 

June, ! 

July. 

August. 

|septeTnbcr. 

October, 

Kovember. 

December, 

-•037 

—017 

-•028 

— 022 

-•025 

-•034 

-•016 

-•043 

\ 

-•039 

-■050 

-•005 

-•057 

-•027 

-•042 

-'005 

-’070 

-•007 

+•016 

+•040 

! +043 

+•007 

1 --001 

1 

! +012 

1 

-•003 


The ^vintcr mins of 1867 were far below the average in amount, and the months 
of March, April, and May were nearly rainless. The pressure at the three stations in 
Table XII was generally over the average up to the end of April, hut was relatively 
eas at the northern and western stations. The pressure w’as in defect at Hoorkee in 
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i^Iay, and tlio relath’e dijOfercnce Ixjt^vceii Roorkce and Agin amounted to nearly •Ot". 
The summer monsoon set in early and brought good rain in June; and on the total of 
the summer months the rainfall was generally above the avcinge. The easterly ciUTcnt 
wliich brought in the rain appears to have been strengthened by the rclative defect of 
pressure in Eajputana towards which it blew. The pressure, both of the early months 
and of the rainy season, was thus defective towards the north and ivcst, the relative 
defect at the noi-them station being greatest in May, and the appai'cnt conseqnenees irere 
a comparatively dry '\iTnter and hot weather, and early and abundant siunmcr rains. 
The meteorological features of the following year "were just the opposite in both these 
respects. 


TABLE XIII— A. 

Toi<il Barometric Anomalies, 1868. 




Jaanarj. 

Febraarj. 

1 

search. 

1 

April. 

&Iaj. 

Jane. 

July. 

Angost. 



KovemTter, 

j Deccraty-r. 

1 

Uoorkec 



0 

+•013 

+018 

+0-83 

+ 010 

+•022 

-•035 

-•015 

+•003 

-•012 


Agra 

««• 

+•019 

-•003 

+•027 

+•023 

+•059 

+•005 

+•013 

-•027 

-•010 

+ 002 

-•025 

-•002 

Benares 

... 

+ 07G 

+•012 

+•034 

+014 

+0SS 

+•022 

+•030 


-•003 

+•014 

+ 004 

+•030 


TABLE XIII— B. 
jRelaiivo Baromdrio Anomalies, 1868. 



January. 

Febroarj. 

11 arch. 

April, 

1 

i May. 

1 

Jane. 

July. 

August, 


October. 

1 

Korember. 

December. 

Boorkcoto Agm ^ 

+•001 

+■003 

+ 016 

-•005 

1 

4--024 

+•005 

1 

+'009 

-‘003 

--00S 

+-00G 

+ 013 

4 -017 

Boorkce to Benares ... 

-•056 

.-•012 

+•009 

+•004 

-•003 

i 

-012 


-•039; 

-•012 

-•OOD 

-•016 

-*015 

1 

Agra to Benares ... 

-•057 

-•016 

-*007 

1 

+•009 

i 

-•027 

-•017 

i 

-•017 i 

1 --031 

1 

-•007 

-•012 

-•029 

-•032 


In 1868 the pressure over Northern and ‘Western India was generally above the average 
up to the end of July, the excess amounting to nearly a tenth of an inch in May. 
The winter rams were much more copious than they usually are, and there was a general 
failure of the summer rains ; but in the middle of September a storm swept up from 
the head of the Bay which afforded sufficient rain to prepare the groimd for the suc- 
ceeding winter crop. The differences of the pressure anomalies over the North-Western 
Provinces were small tliroughout the greater part of the year, and the persistency of 
the westerly winds of that year appears to have been due to the formation of a centre 
of relatively low pressure at the north-west angle of the Bay of Bengal. Thus the 
relative monthly anomalies of Benares compared to Saugor Island were — 


Januaiy. 

Fobrunrv. 

Marcli. 

April. 

May. 

June, 

-+• 060 '’ 

+ • 051 ' 

+ • 044 ' 

+• 046 ' 

+• 032 ' 

+ • 065 ' 

July. 

August. 

September. 

October, 

November. 

December. 

+ • 050 ' ■ 

.+ • 132 ' 

_ +- 009 ' 

+-• 035 ' 

. + • 053 ' 

+,• 018 ' 


In August, the month when this barometric minimum at the head of the Bay 
became most distinct, the rainfall in Lower "Bengal was almost unprecedentedly heavy, 
wlulst in Upper "India hardly any redn fell. 








































202 


•VAEIATIOXS OF EAINFAliE IN NOETHEEN INDIA. 


The next table gives the barometric variations for a year, Tvhich in the distribution of 
its rainfall features closely resembled 1867, the winter rains being defective and those 
of the summer monsoon unusually heavy. 

TABLE XIV— A. 


Total Barometric Anomalies, IS^O. 



1 

1 

January. 

Felumarr. 

1 

1 

Match » j 

i 

April. 

May, 

.. . 1 

June. 

July. 

August. 

|Septen)ber. 

i 

October. 

i 

I 1 

N’oTember. 

1 1 

DceemUt 

\ 

Roorkec ... 

~ '063 

1 

-■036 

j 




+•029 

1 

1 

-'034 

-•020 

+^005 1 

1 

-•035 

-•028 

-•016 

Agra 

-■057 

-•03S 

-•030 ' 

-■014 1 




-■032 

o 

o 

-•049 

1 

-•038 

-'019 

Ajmere j 

-'037 

—042 


-'015 

-•032 j 

+•017 

! -'035 

-•019 j 

+■003 

-■03i 1 

-044 

-•036 

Benares ... | 

-•Oii 

-027 


+ 013 

—'058 1 

j 

+027 

-■025 

-■009 j 

+•005 

-•037 1 

-•010 

1 

1 

+001 


TABLE XrV—B. 

lielaiive Barometric Anomalies, 18/0. 



January. 

February. 

March. 

1 

' April. 

May. 

June. 

July. 

August. 

September. 

1 

' Octeber. 

LoTcmber. 

1 

Deeember. 

Roorkce to Agra ... 

-■012 

j +022 

+017 

1 

+•027 

—001 

RH 



+•009 

+•014 

+-010 

+003 

Roorkce to Benares 

-•021 


-•006 

0 i 

1 

—013 

1^^ 

I --009 


0 

+•002 

-•018 

-•017 

Ajmcrc to Agra ... 

+•020 

+016 1 

-•001 

1 

-■001 

+■038 

+•01 oj 


+■013 j 

+•007 

+ 015 

-•006 

-•017 

Ajmerc to Benares 

+•007 

—015 

-•024 

-•023 

+-026 

\ 





+ 003 i 

-•034 

-037 


The pressure of the atmosphere in Northern India in 1870 below the mean, 
excepting in June, not above it, as in the early months of 1867 ; but, as in 1867, there 
was a marked local depression at Roorkee in May, preceding the setting in of the rains. 
The defectivd snowfall was perhaps connected with the depression of the barometer at 
the northern station in J anuary, but during the greater part of the rainy season the 
relative defect was greatest at Agi*a and Ajmere. 

TABLE XV— A. 


Total Barometric Anomalies, 187B. 



January. 

1 

jFebmary, 

1 

1 

j 

1 March. 

i 

April. 

[ 

1 

May. 

June. 

July, 

1 

[ August. 

September. 

1 

[ 

1 October. 

Norember. 

December. 

Boorkee 

-■032 

j --024 

1 

-'029 

-•064 

+■035 


m 



+•010 

+•046 

; +'003 

■A «. • • . . 

-•019 

1 


+■006 

—•022 

+"070 

-•ose' 




+•027 

+•059 

1 +017 

Ajmcrc ... 

-•016 1 


+■006 ' 

1 

-•OlO 

+•038 

-•012 

-•021 

+•036 


+■006 

+•031 

+•012 

Benares ... 

—073 


-‘029 

-•049 

+ 018 

—060 

-•041 

? 

2 i 

P 

? 

? 

- 
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TABLE XV~B. 


Jtclafwc Baromelric Anomalies, JS73. 



Janiiarj. : 

rcbnmrj-. 

STttrtb. 

1 

1 

ApriL ! 

i 

Jane. 



H 


N'oTrt=.brr| 

D(«tf.bcr, 

Hoorkofl to Agra ... 

-•013 

-•031 

-•035 

-•012 

-•033 

-•031 

-•037 

— OIS 

1 

1 — OIC 

-‘017 


-'Oil 

Roorkeo to Benares 

+ 0il 

+•001 

0 

—023 

+017 

-•030 

-•013 

? 

i 

? 

? 

Mj 

p 

AimeretoAgra 

4--003 

-^-'005 

0 


-032 

+ 021 


-•001 

+007 

-■021 

1 


-•003 

Agra to Benares 


+■032 

-|-‘035 


+ 052 

j 

+•021 

+•02-1 

? 

i 

? 

? 

HI 

? 


Tlic pressure of the fii'st four months of 1873 was generally helow the average in 
Northern India, that of May was excessive, and that of June and July greatly in 
defect at each of the four stations in the table. The table of relative anomalies shows 
that the pressure tluoughout the year was relatively defective at Roorkee, and also at 
Renares, at least up to the end of July, the depression at the eastern station being the 
greater. This was apparently connected with the prevalence of westerly and south- 
^s'esterly winds over the greater part of the North-'Western Provinces and Behar during 
the summer months, when the rainfall of these districts was greatly in defect. 


TABLE XVT—A. 

Total Harorneiric Anomalies, 1874. 



January, 

February. 

Uareli, 

April. 

May. 

June. 

July. 

Angust. 

Scptcnibcr.| 

October. 

N’oreniber. 

December. 

1 

Eoorlice 


-•002 

-•035 1 

+ 007 

-•031 

+010 

+012 

-•007 

-•017 

-•010 

+■012 

+•007 

Agra ... 

+•01-4 

+•010 

-•007 

+•020 

-033 

+ 028 

+•011 

-•005 

-■003 

-•032 

+•023 

+•027 

Ajmcrc 

+*028 

+010 

-•022 

+026 

-•021 


+ 021 

-•007 

+•005 

-•039 

+012 

+020 

Benares 

+028 

+•011 

-•002 

+021 

-■057 

+•002 

+•001 

-•009 

1 

+ 0(» 

-•037 

+•027 

+•023 


TABLE XVI— B. 

Udative Barometric Anomalies, 1874. 



January. 

February. 

i 

1 

March. 

1 

April. 

May. 

June, 

July. 

1 

Scptciflbcr. 

1 

October. 

Norember. 

December. 

•Roorkec to Agra ... 

-•023 

1 

d 

--028 

1 

d 

-•OIS 



+•002 

-•009 




Roorkeo to Benaros 

-■012 

-•013 


-•017 

-•024 

-•022 

-•019' 

-•002 

-•021 




Ajmero to Agra ... 

-•016 

—006 

-•015 

0 

+•011 



-•002 

+ 013 
* 1 



I 

8 

Ajmcrc to Benares . . . 

6 

-•001 


-■002 

+•036 

-•060 

-•040 

-■002 

+•001 ' 


iHHjlll 

-•003 


The winter rains of 1S74 j were fairly abundant, though not up to the average, and 
the summer rains were greatly in excess. The barometer was abnormally low at 
Boorkee during the first five months, as compared with the other stations, notably so in 
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Slay, but tlirougliout the rainy season the relatire anomaly at Eoorkee tras rery small. 
In June and July, however, a relative depression appeared at Ajmere, which seems to 
have had the effect of intensifying the easterly wind from the Bay of Bengal, and con- 
sequently rendering the rainfall excessive. 

The year 1877 was strongly contrasted with 187d^ in both respects, the winter mms 
being rmprecedentedly heavy and the summer rain almost entirely wanting. Tim 
atmospheric pressure all over Northern India was above the average for the greater part 
of the year, and tlie excess at the western stations was very marked and persistent, and 
attained its maximum in what should have been the middle of the rainy season. 

TABLE XVII— A. 


Total Samnetrie Anomalies^ 1877, 


1 

JaDuaiy. ' 

1 

1 

Pebruary. 

Marcli. 

Apni. 

1 

Maj. 

Jane. 

July, 

Align fit. 

Scpterolwr.' 

1 

i 

October, 

November 

Dcewabff 

BooAee 

+■067 

+•067 

+•043 

+•038 

-f-*0o0 



-•015 


+‘053 

-•009 

- 013 

Agra . . .. 

+■083 

+•070 


+■067 


+ 055| 


-•010 


+’056 

+002 

0 

Ajmere 

+■078 

+ 056 



+ 036 


+•065 

+ 052 




-•005 

I3enarc3 

+054 

+■073 

+ 024 


+•023 

+•009 

+■007 

—050 


+•019 

-•037 

- 030 


TABLE XVII— B, 


Relative Barometric Anomalies, 1877. 



1 

i 

January, | 

1 

Febmnty. 

ITarch, j 

1 

1 

April* 1 

May, 

1 

i 

June, 

July. , 

1 

August, j 

September*! 

1 

October, j 

i 

1 

Noverobcr.l 

i 

i 

Decemter 

I’oorLco to Agra ... 

1 

-’016 

-•003 



-•018 

In 

■ 1 

-•034j 

-•005 

-■019 

' i 

-■004 j 

-■oil 

-■013 

Eoorkeo to Benares 

+•013 

—006 


+•038 j 

+•029 




+'018 


+‘028 

+•017 

Ajmere to Agra 

-•003 

-•015 

+ 003 

-•010 j 

-•012 

m 

“{-‘OSt; 


1 

1 +'021 


1 

+•011 i 

-•005 

Ajmere to Bennies 

+024 ' 

1 

-’018 



+•033 

BB 

I +'103 

+•058 

+•029 


+•025 


lom these examples, and from those given by Mr, Blanford in the papers above 
re erred to, it is abundantly evident that there is a connection, probably casual, between 
+1 pressure anomalies before and during the rainy season and 

° 1 that a heavy winter rainfall generally coincides 

+” f ^- 1 - + 1 ° ^^Qiuetric pressure over Northern India, the excess of which is most dis- 
mc a le most northern stations ; and that in years when the pressure at the northern 
AnvB n ^ ^ uorth-western stations is relatively higher than elsewhere diuing 

^ ®iiuimer rains are generally late, scanty, and irregularly distributed. 

Meteorology of India for 1876, adduces the 
as the Droll'll an.sno all on the north-irestem Himalaya in the beginning of the year 

adS^ « ; the Panjab that year; but he 

s cause probably is not the only one, since the high pressure was equally 
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Tn'cll marlvcd at Bojnbay and in the lowci* Indus Valley. Tiiis latter, it should he 
remarked, and not the Iiigli pressure of the Panjah, would seem to have hccii the proxi- 
mate cause of the failure of the rains which produced the great famine in Southenx India. 

It is, no doubt, true tliat a heavy snowfall on the Himalaya may he a cause of 
high atmospheric pressure all over the north of India in the spring months, hut it is 
diflicult to see wliy the high pressure due to this cause should continue up to the end 
of Scptcmhei, as it did in 18// j and m the pi’cscnt state of meteorological science, it 
"uouldj I think, he impossible to sllo^\’' how a somewhat greater area of snow than usual 
on the Himalaya, in wmter, should produce an abnormally high atmospheric pressure 
over the Bombay coast and the ocean to the west in the summer montlis. The 
Himalayan snowfall of 18/0 docs not seem to have been vciy much in excess of the 
average, though perhaps its lateness may have rendered it more effective as a cooling 
agent, and the winter precipitation for that year at the stations given in the appendix, 
was 40 per cent, below the mean. Yet the pressure towards the north-west of India 
was so high during the summer as to give an imdue westerly direction to the winds, and 
cause the rainfall to he defective almost everywhere in India except in Lower Bengal. 
It should also he noted that the winter rain of the present year (1878), and probably 
also the Himalayan snowfall, was very much heavier than in 187G, and yet the prcssiwc 
over the Bombay coast and in Sindh was this year somewhat below the average, and 
the easterly summer winds of Northern India have blown noth nearly tliew usual force. 

We must therefore look to some more general caxise ; and it is to he rcgi'cltcd that 
at present our Imowledge of the atmosphere and its laws is not sufficiently complete to 
suggest the cause required. The only explanation I can venture to put forward is a 
l^hrely speculative one, though it is just possible that facts may yet he discovered which 
vail loud some support to it. It is this. Duriug the summer months there is a general 
tendency to a cyclonic movement of the atmosphere round the Asiatic continent, as 
well as a smaller cyclonic cii'culation round Upper and Central India ; and it is possible 
that in years of high terrestrial temperature the general movement may he so intensified 
as partially to obliterate the minor cyclonic indmught towards Central India and Eajpu- 
taua which brings the monsoon rains to the Gangetic Valley. It is worthy of note that 
All*. J. A. Broun, r.n.s., in a discussion of the atmospheric pressure of the British Isles, 
totally uncounected with this subject, has discovered a similar excess of pressure to the 
west in warm, as compared vdth cool years, or, as he puts it, in years of minimum as com- 
jiared with yearn of maximum sun-spots,^ indicating that the prevalent westerly winds 
of Europe then blow more steadily than usual. This explanation requires that the 
velocity of the vdnd should he greater in hot than in cool years, — a point regarding 
which there is at present very little direct evidence forthcoming, though, as I have 
akeady shown, the prevalence of cyclones in cool years, and their comparative absence 
in hot years, lends some support to the theory. The anemometer records of many 
Indian stations at first sight appear to support this view, but unfortunately the exposure 
of the instruments at most of the stations has not always been the same, so that the 
velocities from year to year are not comparable inter se. In that part of the country 


’ Proc. E. S,, Tol. isv, p. S19. 
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over which the prevalent summer winds are easterly and westerly in n-et and diy 
years respectively, there are, however, two stations at which the velocity of the wind 
has been measured for eight or nine years, and at which the figures for one year are 
comparable with those for another, owing to the anemometers hating a good exposine, 
and to their positions never having been changed. These stations are Agi’a and Bareilly. 
In the following table is given the mean recorded velocity of the ivind in miles per 
diem at Kich of these stations, and the figures show^ clearly that the mean velocity was 
least at one of the minima of summer rainfall, 1873, and increased again up to tlie 
other year of minimum rainfall, 1877. 

TABLE XVIII. 


Mean daily vclociiy the Wind. 



1 

1869. 

’ i8ro. 

1871. 

1872. 

j 1 

1873. 

1874. j 

' 1876 j 

isrc j 

1877. 

Agra 


121 

160 

100 

94 

80 

97 

- 

102 

103 

in‘ 

Bareilly , 

J 

lU 

1 

114 

J 

89 

_ j 

64 

1 

67 

72 

Ol 

1 


lOU 


The wind velocity at these stations obviously varies in the same sense as the tem- 
perature and the winter rainfall for the few years given in the table. No general con- 
clusion can safely he drawn from such a short series of observations, although, as 
explained above, there is a certain probability that the udnd will vary in this nuy, at least 
in that part of the country subject to either easterly or westerly winds according as the 
year is wet or dry. Should further observations confii’m this conclusion, and also prove 
that when the winter and spring rainfall has been above the average there is always a 
relative excess of barometric pressm’e towards the west, it will be easy to explain why 
the summer rain of Lower Bengal should reach a maximum every fifth or sixth year. 
In years like 1834, 1844, 1855, 1868, and 1876 or 1877, the summer rainfall would he 
excessive because the moist current from the Bay would he prevented from passing up 
the Gangetic Valley by high pressure to the west; and in years like 1839, 1849, 1801, 
and 1871, it 'vvDuld he greater than usual ou account of the monsoon current being 
comparatively feeble and having little tendency to pass far inland ; and because of the 
circumstance that the difference of temperature between the plains of Bengal and the 
sea being then less than the average, the air would have but little tendency to grow' 
drier as it passed inland, except by precipitating its moisture. That this is so, rendered 
probable by the chcnmstance pointed out by lilr. Broun in Mature, vol. XVI, page 334, 
that in Southern India there is a well-marked five-yearly periodicity in the rainfall, 
w Inch has its minima at the maxima and minima of sun-spots, and is therefore exactly 
opposite to that of the rainfall of Bengal. Years of maximum sun-spots ai’c there most 
probably years of w’cak monsoons, and years of minimum spots are doubtless hotter 

than usual, and are probably cbaracterised by the prevalence of northerly elements 
in the winds. 


’ Seren months only. 
* Tea montlis only. 
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The excess of pressure towards the west would also explain why, in years when the 
south-west monsoon passes oxer the arid tracts of the [Madras Presidency without 
I)rccipitating a drop of rain, the wooded flats of Burniah and the hills of the .Vrahan 
coast arc suffering from a superabundance of moisture. 

This explanation is too spcculatiTc, however, to be of much value, and the general 
conclusion to he drawn from the foregoing discussion will, therefore, he that we arc yet 
veiy far from having discovered the la^vs of the variations of the minfall broiight'by 
the summer monsoon ; but that it is highly probable that the winter rains of jS'orthern 
India arc subject to a periodical increase and diminution coinciding with, and iiossibly 
caused by, a similar variation in the temperature of the h-opics. IViiethcr this be 
directly or indii'octly due to periodical changes in the intensity of solar radiation is a 
question worth investigating, hut one into which it is not necessary at prcsent to 
enter. 


POSTSCRIPT. 

Since the preceding paper was written, I have discovered in the Olhcc of the Board 
of Kevenue at AUahahad complete records of the rainfall of each sudder station in the 
R.-W. Provinces from May 1814i to October 1855. Records also exist for each year, 
from June 1860 to the present time. The ^p between 1855 and 1860 lias been bridged 
over by means of register kept in the Himalayan prmnnee of Kumaon, to Tvliich the 
ci\dl disturbances following the mutiny of 1857 did not extend. From these the 
average winter and summer rainfalls of the province for each year have been calculated, 
the Kuraaon returns from 1856-60 being supplemented by those of Jabalpur, Ambala, 
Shalipur, and Gujranwala. The rainfall of each season has been calculated in per- 
centages of the average for many years, in the following way. If the rainfalls of a 

number of stations 1, 2, 3, n for any given year be r, respectively, 

and the averages for tlie same places during many years the pro- 

portionate number for the year is given by the formula — 

Percentage = 100 >: = "I" T” 

The percentages representing the summer and winter rainfall of each year and tlie 
number of stations on Avliicb the figures for each year are founded are given in the fol- 
lowing table : — 

Table showing the mean rainfaU of the Borth-iresfcrn Trothices for each year from 1844 to 1578^ itt per- 
centages of ike average for many years. 


Years. 

WiicrsB 

SnOtEB KilJT, 

Tears. 

WijrTm tjiix. 

. . 

PrKjrrn 

Ko. of 
Stations, 

Ter cent. 

Xo.of 

Statloiu. 

Pet cent. 

Ko. ot 
Stations, 

Ter cent. 

yo. of 
SULlions. 

Ter cent. 

1S14 

... 




28 

S7 

ISIS 

... 


29 

72 

30 

73 

1815 


... 

29 

143 

29 

91 

1S19 



zo 

92 

31 

90 

181G 

... 


29 

CG 

29 

ioG 

1850 



31 

IGO 

38 

87 

1817 

... 

... 


76 

29 

105 

1851 

1 

... 

... 

- 

1S3 

38 

82 























VAEIATIONS OF RAINFALL IN NOETHEEN INDIA. 


IaUcammaem,n tainfalUf mMMm Trounce, for each year frou ISM to ISTS, in f„. 

centages of the average for many conclndcd. 



Tfirs. 


WlSTBR milT. 

SnUMBB BAlJf. j 

Tears. 

WlSTEB Elis. 

BruaiEE EkH. 


No. of 
Stations. 

— 

Pci cent. 

No. of 
Stations 

Per cent. 

No of 
Stations, 

Per cent. 

No of 
Stations. 

Per cent 

1852 



38 

109 

38 

94 

1866 



41 

103 

41 

92 

1853 



38 

117 

38 

91 

1867 

... 

... 

42 

91 

42 

135 

1854 


... 

38 

61 

35 

133 

1868 

<«• 

... 

42 

146 

43 

CS 

1855 



34 

172 

35 

101 

1869 

.e. 

... 

42 

109 

43 

97 

183B 



7 

49 

11 

129 

1870 



43 

103 

43 

121 

1857 

• *4 


10 

so 

10 

97 

1871 

• « 4 

... 

43 

61 

44 

131 

1858 

4 » 1 

• *« 

9 

63 

9 

101 

1872 

... 

■■ 

44 

162 

44 

111 

1839 

»• « 

... 

9 

150 

9 

89 

1873 



44 

46 

44 

101 

18G0 


«•< 

9 

76 

30 

54 

1S74 


... 

44 

71 

41 

131 

1861 

!•< 


32 

23 

26 

128 

1675 

« * « 


44 

70 

44 

114 

1SG3 


• • • 

27 

65 

32 

123 

1876 

»*• 

... 

43 

46 

44 

93 

1603 

4 «« 


40 

54 

89 

115 

1877 


»• 

39 

174 

39 

45 

18Gt 



40 

71 

40 

69 

1878 

• 44 


39 

217 

39 

90 

1803 


«»< 

40 

147 

41 

05 









The figures for the winter rain agree fairly with those of Table V in the preceding 
paper, except in the years from 1849 to 1854. The differences in these years are partly 
flue to the slightly different ivay in which the winter rainfall of each year has been 
calculated. In the text the winter fall of each yeai’ consists of two portions, one, 
January to April, at the beginning, and the other, hTorember and December, at the end. 
In drawing up the table here given, however, it was thought better to include the 
November and December of the preceding year udth the January, Debruaiy, March 
and April of each year in the table, to avoid breaking up the winter season ; and 
in years when there is any rain in November and December, tliis affects the totals 
considerably. 

The mean amplitude of the variation at these North-Western Provinces stations 
alone appears to he somewhat less than when the rvider area, with a larger proportion 
of Himalayan stations, is included in the calculation. The corrected mean variations 
for each year of the supposed 11-year cycle, as given in the text and as deduced from 
these figures, are here compared — 

Fears. 1st. 2nd. 3rd. 4tli. 5th. 6th. 7th. Sth. Oth. 10th. lUh. 

Text ... -17-1 -lS-6 -18-8 -20-4 — 7-8 +23-1 -fSo'G +15‘7 +10'2 + 4’9 -W’S 

Nortb-W estem 'I 

Pm-inces [ - 6-8 - 0-6 - 3-6 -15-5 -17*3 + 0*8 4 27*3 4-24*7 + 2*1 - 5*6 - 6*4 

Stations ...J 

The differences may he partly real and partly due to the circumstance that in 
sinking these averages (as u'ill he seen from the above formula) every station has been 






VAEMTIOXS or KAiyFALL IX NORTHERN IXDIA. 


200 


given a weiglit proportional to its actual rainfall, whereas in the text all the stations 
have been assigned equal weights. 

These results strongly support my original conclusion that the winter rains arc 
heaviest when the summer rains arc defective, and vice versa. They also support the 
idea put forward by Sir. Blanford in his report for 187G, that an unusual amount of 
prcci 2 )itation over Koxdhern India and the Ilimalaya in winter and spring may, by 
modifying the normal distribution of pressure, cause the rainfall of the suecoeding 
summer to be defective in the Gangctic valley ; thougli of course, they throw no 
liglit on the question of the influence of the Himalayan snowfall on the meteorology 
of the Bombay Presidency. 

Thus the following twelve years had the winter rainfall excessive and that of the 
summer defective, cir., 1815, 1850, 1851, 1852, 1853, 1850, 18G5, ISGG, ISOS, 18G9, 
1877 and 1878, and the tldrtcen years, 1846, 1847, 1854, 185G, 1858, ISGl, 1SG2, 1SG3, 
1867, 1871, 1873, 1874 and 1875 liad dry winters followed by wet summers. Against 
these twenty-five instances in favoiu* of the rule, wc have only three years, 1855, 1870, 
and 1873, writh the rainfall excessive in both seasons, and six yeai-s, 1848, 1849, 1857, 
18G0, 18G4 and 1876, Tvitli a deficiency both in summer and in winter. If ten or eleven 
per cent, he allowed as the jirohahle eiTor of the figures for each year, owing to the short 
periods on which some of the averages arc founded, and to the inaccuracies of many of 
the earlier ohservations, the exceptions to the rule are reduced to two, ISIS and 18G0, 
bo theyars of maximum sunspot. 
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Rainfall Tables, 
1. CALCUTTA. 


Thais, 

n 

Snnuner. 

Total. 

Years, 

Winter. 

Summer. 

Total. 



In, 

In, 

In, 




In. 

. In. 

In. 

1829 

«•* 

1*90 

5804 

69*94 

1854 

«*« 


10*44 

56 03 

.6547 

1830 


7*26 

56*02 

63*28 

1855 

... 

4A < 

6*63 

64*83 

70 36 

1831 


7*48 

49-42 

66-90 

1856 



3*91 

60*32 

64-23 

1832 

• * 

8-57 

42*15 

60*72 

1837 


... 

2*76 

66-21 

68 97 

1833 

... 

7*12 

53*44 

60-56 

1858 

»•» 

... 

2*88 

56*88 

59-76 

1834 

«i« 

4*35 

64*38 

68*73 

1859 

» t • 


6*18 

62-48 

6S*66 

1835 


6-64 

78*86 

85*50 

1860 

• • • 

... 

2*66 

5005 

52 61 

1836‘ 


2*57 

43*09 

46*66 

1861 



6*40 

82*79 

8919 

1837 


2*26 

41*35 

43*61 

1862 


... 

5*45 

68*03 

73*48 

1838 

• •• 

1*91 

61*08 

62*99 

1863 

... 

4 • ft 

4*89 

66*26 

61*15 

1839 

• f « 

4*25 

60-72 

64*97 

1864 

• f * 

ft « ft 

6*31 

77*91 

84-22 

1810 


1*24 

68-17 

59*41 

1865 

• t* 


8*58 

53-00 

61*58 

1841 


611 

66*14 

60-25 

1866 


* « ft 

7*46 

58*28 

65-74 

1843 

... 

8*44 

67*68 

76*12 

1867 

• »* 

• ft • 

8*06 

64*67 

72*73 

1843 


679 

67*55 

64*34 

1868 

ft* 

• •• 

5*86 

85*63 

91*49 

l^t 

• 

3*65 

70-21 

73*86 

1669 

•»s 

... 

8*41 

63*59 

62 00 

1645 


10 03 

60-90 

60*92 

1870 

«>• 

■ ftft 

6*49 

53.77 

6926 

184G 


7*75 

68*69 

76*44 

1871 



11*88 

81*43 

- 93*31 

1847 

* ft* 

7-97 

64-39 

■ 72*36 

1872 


■ ftft 

6*19 

45*86 

61*03 

1843 

• 

208 

66-61 

68*69 

1873 

■41 

■ «• 

3*98 

41*29 

. 45*27 

1849 

* *1 • 

7*68 

63*93 

70-61 

1874 


• ft# 

7*97 

53*61 

61*48 

1850 

* « ■* 

G-57 

69*71 

76*28 

1875 

■ ». 

... 

5*45 

54-44 

59 89 

1851 

»• *•* 

7*28 

56-88 

frilG 

1876 



7*68 

72-55 

80*23 

1552 

•• Oi 

1000 

71*41 

81*41 

1877 


... 

882 

52-24 

61*00 

1853 

•* 

1*10 

60*93 

62-03 



\ 





April wsDtlag. 
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VIII. — Meteorological and hyjjsomelrical ohscrvaiiom in TFcsicrn Tibet, recorded by 
J)r. J. Scullt; with a discussion by H. 3?. BLANroiiD, Meteorological Tcxwrtcr 
to the Government of India, 

In the detailed notice of Dr. Scully’s ohservations in Yarkand and Ktisliglidr, given 
in a pre^nous part of this volume, it was mentioned that during the journeys of Mr. 
Sliaw’s mission to and from Yarkand, a series of verj^ careful and elahoratc ohsenutions 
were recorded hy Dr. Scully and his assistants; and that, on the retm-n journey more 
especially, precautions were taken to ensure uniformity in the exposure of the thcr- 
mometei-s, hy means of a portable tliermomctcr shed, which effectually protected the 
instruments from sky-radiation, while it allowed of their free exposure to the air, and 
alforded conditions as nearly as possible identical with those observed at Yarkand and 
generally at meteorological stations in India. The observations recorded on the return 
jornmey are furthermore of superior value, in that the travellei-s were less hurried, and 
were enabled to make longer halts at their camping places than on tlic outward 
journey; the two routes being almost identical. The later readings are therefore more 
numerous and regular, as well as more complete in kind ; in the case of most stations, 
they comprise a complete diurnal series recorded at inten^als of six hours ; and for seven 
stations, at Avliich more prolonged halts were made, they include also hourly readings 
of the principal instraments. These observations, reduced and coiTcctcd for the errors of 
the instruments, are hero given in full- The less extensive and regular series, registered 
on the outward jornmey, mil be noticed as occasion may requu’e, in the course of the 
discussion. The barometric observations, more espcciaUy, have been utilised in conjunc- 
tion mtb those of the return journey, for determining the elevations of the several camp- 
ing places ; and, in the Appendix, a comparison is made between them and the readings 
of boiling point thermometci’s simultaneously recorded, which affords a useful experi- 
mental test of the practical trustworthiness of the latter instrument in hygromctrical 
jneasurements. 

The route of the travellers lay across some of the liighest accessible ground of 
Central Asia. Dor five days, they journeyed at elevations scarcely ever below 16,000 feet, 
traversing the high tableland that separates the valleys of the Karakash and the Shayok. 
Brief as are, of necessity, the registers furnished for this inhospitable tract, they are of 
unusual interest, and suffice to tluow some light on the diurnal variation of temperature 
and pressure, and also on the course of the air ciments on these elevated plains, where the 
air is attenuated to little more than half its sea-level density, and where the sacrifice 
of life is hut too often the penalty paid hy the explorer.' 

’ It was the exertion of traversing this piateau that broaglit poor Stoliezka’s life to a premature close. And it is likelr 
that the ominous name of the camp below the Karakoram, Daalat Beg Uldi, “ Daalat Beg died," is tbe record of some similar 
catastrophe in days gone by. 
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Before entering on the discussion of the meteorological registers, it will be useful to 
inemise a short sketch of the geogi-aphical features of the route,' for the details of winch 
I am indebted partly to Dr. Bellew’s itinerary, partly to Dr. Scully’s own desci-iption,* 
and the verbal communications of Mr. U. B. Shaw. 

Geography of the route.— ''Emm Yd^rkand to near Karghalik, the route lay across the 
plain of Kashghdr, well cultivated, thickly .covered with farmsteads, and traversed by 
numerous irrigation streams. In the neighbourhood of the latter place, the cultivation 
becomes thinner and interspersed with larger patches of marsh and waste, with saline cn- 
crustations ; and beyond it, the road enters on the dry gravelly or stony slopes which fringe 
the base of the moimtains, and present a hare desert surface, interrupted by an occasional 
river channel, the hollow of wluoh is an oasis of verdure. In these latter, are situated 
the halting-places at the end of each stage. Crossing these slopes, and gradually ascend- 
ino- and approaching the mountains, the road at length reaches Sanju, a large populous 
town, situated in a depression about 600 feet below the level of the terrace which extends 
outwards from the foot of the mountains. Prom this stage, the ascent becomes more inpid, 
and the road enters the hills, f olloAving the course of one of the streams which flow into 
the Sanju depression. The next halting-place, Kizil Aghil, is similar in position to Sanju, 
hut more within the hills ; and hence the road threads the narrowing valley, up to the 
Chuchu Pass. Crossing this, a rapid descent leads down to the upper part of the Sanju 
stream, which here floivs in a naiTow rocky gorge in which is situated Tadlik. Soon 
after leaving this place, the road rises rapidly, leading up through a widening defile, 
which opens out into the grassy alpine slopes of Kichik Y’ailak, nearly 12,000 feet above 
the sea. At tliis camping place, the travellers halted for a day *, and the opportunity was 
seized by Dr. Scully to record a complete diurnal series of hourly readings of liis instru- 
ments, which, in virtue of the position, are of unusual interest. Prom Kichik Yailak, a 
fiuther ascent of nearly 5,000 feet leads up to the crest of the Sanju Pass, about 10,500 feet 
above sea-level. The travellers may now he considered to have faii’ly entered on the 
moimtain tract. After leaving Tadlik, until two stages beyond Leh, they were never at 
a low er elevation than 10,000 feet. Prom the Sanju Pass, they descended into the valley 
of the Kardkash river ; which was reached 5 miles beyond Baz Chat, through the narrow 
defile which leads down from the pass, and in which Baz Chat is situated. 

Prom this point, the route, for the nextfivestages, lay up the valley of the Karakash, 
ascending gradually from 10,000 to 13,000 feet, and skirting the northern base of the 
great Kardkoram plateau*. On the outward journey, the travellers had descended from 
the plateau through the Suget Pass, which leads down into the Kdrdkdsh valley, three 
stages below the point at which they quitted it on their return. On the latter occasion, 
they followed it up to Portasli or Potash ; halting, however, for four days at Gulgan Shah 
IMazar, in order to feed up the horses, and prepare them to face the trying march across 
the haiTcn Kdrdkoram plateau. This halt, like the former at Kichik Yailak, was taken 
advantage of, to obtain a series of hourly readings of the meteorological instruments. 

The camp of Portash is situated at the head of a small side valley leading into 
that of the Karakash, Pi'om this point begins the ascent to the plateau, over a 


Boport of f'orsj'lli’s llission to Yaikaad in 1873 p 421 
' Stray Featliors, Vol. IV, pp. 1 seg. 
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sorics of moraines, and then up a broad flat-looking vallev with Ion* bare bills on 
ciflier side. The ascent is so gi-adual that, as Dr. Scully observes, if was difficult 
to determine the highest point of this very easy pass. His barometric observations 
give it an elevation of nearly 17,000 feet ; and tbcncc a short but steep descent of not 
more than 500 feet, leads do-vvn to the camping-place of Baluk llachi, ,or Akin. 
Tlie next stage is Bui’waza Sarigliot, on a bigli tableland; it gives its name to all that 
part of the plateau that lies north of the KdrAkoram pass ; and derives it from the scanty 
yellowish grass which grows about, and affords the best fodder to he found in this inhos- 
l)itah]c region. Prom this, the gi'ound slopes gently to the Kdnikoram, ^vhicb is the 
watershed of the plateau ; an apparently low and inconspicuous ridge, as seen from this 
post of vantage. The road leads up “ a wide, shallow, shingly, drainage bed, between low 
hanks of shale, that roll away in -wide sweeps to the mountain tops,” and beyond Balti 
Brangsa (or Brangsa Kdrdkoram) enters a narrow gorge, and then a nidcr gully winch 
rises gradually to the pass. Br. Scully remarks that “ the Kdrakoram Pass reminded one 
much more of a short embankment, 300 feet or so above the level of the surrounding 
country, than what one understands by a mountain pass”, and adds: ” I certainly did 
not see anything like a range.” On the south, the descent is a little more rapid than on 
the north, hut still veiy gentle, domi another wide shingly valley, which narrows somc- 
•wliat towards the camping-place of Baulat Beg Uldi. This is situated in a wide 
valley ” covered with hare gravel,” and traversed by a shallow stream, running westwards ; 
wliich is, in fact, the upper part of the Shayok river. Instead, however, of following 
down this watercourse, the road ascends to the high Dipsang plain, *‘an immense 
undulating plain, which,” says Br. Scully, “looked like the top of the world. The 
plain was gravelly, and seemed to slope gently eastwards towards some low hills in that 
direction ; , northwards, in front of us, we saw a few irregular flat-topped hillocks (they 
looked lilvc) scattered about ; to the left, the clear blue sky appeared to he the only 
boundary of our plain ; and to the south-west the distant tops of some fine snouy peaks 
peeped up above our level” ; to the south “a fine snowy range of mountains met my 
view, and looked quite continuous ; hut of coui*sc this was a deceptive appearance,” Tlds 
last is the prolongation of the Atustdgh range, which, though not the watershed 
of the region, appears to he the most elevated and conspicuous range of this part of 
Tibet. 

Crossing the Bipsang plain, the road descends through a ^tony ravine to the camp- 
ing ground at Elzil TJngur; and thence across a gi-avcl-covered plain to that of 
Burtsc, so called from a species of Burotia which grows about it, and wliich is the sole 
vegetation of this desolate region. Both this and the next camping-place, ilurgha, are 
situated in the uppermost part of valleys that begin to descend fi'om the Bipsang, to 
debouch and unite in the main valley of the Shayok. Sasser or Brangsa Sascr 
is situated in this valley, on a gravelly terrace, about dOO feet above the level of tlic 
stream. Bp to this'lialting-place, the line of road has descended hut little below 15,000 
feet. Brom Brangsa Sascr it ascends the ridge between the Bpper Shayok and its tribu- 
tary the Nuhra river, crossing it by the Sasser Pass at an elevation of 17,000 feet nearly. 
This pass, says Br. Scully is, “ totally unlike any other which I have been over ; instead 
of being the lowest part of a ridge of mountains, the Sasser Pass seemed to me to he made 
up of a rather complicated knot of glaciers and their moraines, which had met at one 
point and jammed up against each other.” And Br. Bellew describes the road as passing 

E 
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‘^up a rough gully and across a glacier at its watershed, for two or three mDes; then up 
and down hy an extremely difficult path, between the side of the glacier and the opposite 
iiills, a narrow pass full of angular rocks and snowdrifts, and in summer, purling with 
ton’ents on all sides.’* Sartang camping-ground, below the pass, is ‘*an open space, 
menaced hy half a dozen glaciers around.” 

After a slight descent into the upper part of the Sasser valley, to the camping-placo 
of Toti Yailak, at upwards of 15,000 feet, the road follows the river dow for three miles, 
and then again rises to cross the Kdra-wal Diwdn or pass, from which it descends rapidly 
into the Nuhra valley, the first green spot and inhabited country met with since 
Sanju.” Chang Lung, the next camping place, and the three following, viz., Panamik, 
Ta^-har, and Tsatti, are all situated in the Ndhra valley, at elevations between 10,000 and 
11,000 feet ; lower therefore than I^eh. 

Prom Tsatti to Leh, the travellers took the alternative route of the Khardong 
Pass, nearly 18,000 feet, to cross from the Shayok into the parallel valley of tlie Indus. 

The remainder of the route is through a well-knowTi country, and may he dismissed 
with a cursory notice. The first three marches are down the Indus valley, bringing tho 
tmvellers down to an elevation of 9,000 feet at Nuria. The road then begins to ascend 
the mountain chain to the south, and crossing the Poto and Namika Passes into the Pras 
valley, a tilhutary of the Indus, finally crosses the Zogi La into the Sind valley, wliich 
leads down into the plain of Srinagar, The final stages of the journey are on the well- 
kno'wn route hetw^een the old Naslimir capital and the Punjab hill station of Murree, 

LIvEVATIONS. 

The elevations, given in the second column of the table, have been arrived 
at in the following manner. All the observations of the mercurial barometer re- 
corded at one and the same station, whether on the outward or homeward jommey, were 
reduced and corrected, and the mean of the whole was taken as the pressure datum for 
the station . In like manner, the temperature readings of the dry-hulb thermometer, 
recorded at the same hours, w'ere corrected for the error of the instrument, and their 
mean assumed as the mean temperature of the air. A mean pressure and temperature 
at Leh (the reference station) was then found hy a similar process. But since tho 
barometer and thermometer at that station were read only at 10/«. and 16/;,, and these 
together with the maximum and minimum temperatures of each day constitute the whole 
available data, it was necessaiy to find interpolated values for some of the hours corres- 
ponding to those of the traveller’s readings. Por this purpose, I have utilised the hourly 
readings wrhich have been recorded at Leh, on four days in each month, during the last two 
years. Pi*om these were deduced the approximate hourly variations both of temperature and 
pressure ; and in applying the appropriate corrections, it was assumed that any difference 
of langG (in excess or defect of that shewn, by the hourly observations) should be equally 
distributed in the interval of the two consecutive ohservations. In the case of temperature, 
the mimmum has been assumed to occur at the normal hour of temperature 

in each month. 

Prom \drkand to Leh, the number of readings of the instruments recorded at each 
station and utilised in deducing the elevations, are shewn in the following table; the 
table gives also tlie mean pressures and tempexatmes, and the diffierence of elevation 
tlcducGd by process above described. 
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The difierencc oE elevation has been computed u'itli Captain Allan Cunningham’s 
tables, which gives the value of the logarithm of a in the formula — 

7 — iT— tog, h 
a 

wherein, j? is the required difference of elevation ; JT and // the barometric readings at 
tlic reference station and the station of obscn’aiion respectively ; and a tlic tabular value 
computed by the formula — 

1 

a:=CQ3C0 ( 1+ 

V ysG / 

for the several values of 27 + ^ (the air temperatures of the two stations). I liavc added 
loO feet to the computed elevations of stations to tlic north of the Sanju Pass, to allow 
for the annual oscillation of pressure between Lcli and Yarhand, the eridence of which 
is afforded by the table in a footnote at page 42. 
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Sanju Bass 


3 

1 

2 

lG-391 

2S-G 

•727 

GO-G 

■f-l.PSO 

16,153 



B.az Cbnt 


3 

1 

O 

18-843 

3S-2 

•CG9 

52-1 


12,633 


^ f 

Kurpban All Kazan 


7 

•> 

5 

20332 

51-0 

•653 

6G-9 

-016 

10,587 


^ V 
^ \ 
< \ 

Togbrasu 

• •1 

7 


6 

19 939 

47-7 

•703 

49-7 

-350 

11,153 


> 1 

Olbuk 


11 


7 

•SCO 

S9- 

•632 

G2-3 

-flSO 

11,633 


^ ) 
u / 

Balakcbi 


5 


3 

•297 

CO-1 

•560 


+378 

11. SSI 


K f 

WI« 1 

^ \ 

Gidgnii Sbah Nazar 


23 


15 

-111 

i 50-1' 

! 

•C74 


+7-J9 

12"32 

\ 

— - - 
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METEOnOLOGlCAIi AND HYPSOMETRIOAI. 
Table of hypsomeirical elemente^ — continued. 


» — — “ - 

fitATlOT. 

{e-idinaa 
)t StatioD, 

Bbadihgs ai 
Lks. 

Meaa 
Bar. at 
StalfoD. 


■H 

QnRMI 

Mean 

temp. 

Cerapnted 
<11 (Terence ot 
eJeration. 

Computed 
eleratlon 
above S L. 



Obs. 

fnterp. 

nn 

at Icb. 



HI 








Ins. 

0 

Fnhr, 

Ins. 

e 

Fnhr. 

Feet. 

Feet. 


Portash ... 

5 

2 

3 

18 517 

55-8 

19 696 

61*7 

+1,706 

13.209 


Highest Pass of PortasU 

• 2 

D 

1 

IG'160 

45-6 

•652 

65 4 

-^5,3o8 

16,861 

5 

Balat Baclii, or AUn 

2 

H 

2 

•369 

20 5 

"664 

47-6 

44,872 

16,375 


Durwvia Sarighot ... 

6 

H 

4 

•759 

30 9 

•683 

61-2 

+4,293 

15,796 

s ^ 

t£, 

Haiti Brangsa ,., ... 

4 

2 

2 

•188 

38-3 

•710 

55-7 

+5,318 

16,821 

-4 

a 

Karakoram Puss ... 

3 

1 

3 

X5-350 

33-5 

•686 

G2- 

+6,730 

18,233 

< 

Haulat Beg UltH ., 

4 

0 

4 

16323 

24- 

•697 

45-7 

+4,954 

16.457 

•w 

Highest Pass of Dipsang ... 

2 

D 

1 

15-63G 

34-7 

•725 

60 3 

+6,281 

17,784 s 


Bnrtsc ... ,, 

5 

B 

4 

16-891 

33 9 

•651 

401 

+4,013 

15,546 

H u 

s E r 

Murghtt 

8 

3 

5 

17-SG9 

498 

•615 

69-8 

+3,336 

14,839 

ta -< J 

Sasser 

B 

3 

4 

•194 

48- 

•658 

57-2 

+3,657 

16,160 


Sasser Diwan ... 


1 

3 

15 722 

304 

•697 

63-5 

+6,082 

17*535 


Toti Yailak 

H 

0 

2 

17-003 

88- 

•637 

49-2 

+3.864 

16,367 


Karawal Diwan ... ... 


0 

2 

■230 

52-1 

•666 

67-5 

+3,602 

15,165 

^ / 

1 

Chang Lnng 

mm 

1 

4 

20 063 

6P8 

•591 

68-1 

-660 

10.S43 

t ) 

Patiamik 

10 

4 

6 

•323 

64- 

•839 

55-1 

-948 

10,656 

< ^ 
« } 
R / 

Taghar 

6 

2 

4 

•680 

62-1 

•G8D 

47-9 

-1,272 

10,231 

f 

^ V 

Tsfttti 

G 

D 

5 

•436 

66-2 

•779 

49 3 

-893 

10,610 


Below Khardong ... 

4 

D 

3 

17*125 

39-3 

•875 

52-7 

+4,015 

16,518 


Khardong Pass ... 

4 

■ 

S 

15-723 

39-1 

■60-4 

63-1 

■t'6>283 

17,780 

i ( 

Leh 


H 

• •• 



... 

... 

e** 

11,503 

s \ 
? < 

Nimti 

2 

0 

2 

20-565 

61-6 

•765 

45-G 

-1,075 

10,428 

to 1 
►=* ) 
i 

Saspol 

3 

1 

2 

•657 

64-6 

•735 

54-5 

-1,264 

10,239 

65 f 

^ V 

... 

4 

2 

2 

21-667 

63-4 

•731 

57-9 

-2,596 

8,909 


Lama Ynm 

4 

2 

2 

19 827 

51-6 

•680 

54 6 

-203 

11,300 


Foto Pass 

2 

n 

n 

18-389 

49 9 

•655 

50 7 

+1,810 

13,313 


Bod Kherho 

3 

B 

2 

19-739 

51-8 

•629 

46-7 

-162 

11,351 


Nnmika Pass 

2 

B 

B 

18-971 

48-1 

•691 

52-4 

+1,013 

12,516 


Slicrgol 

5 

B 

4 

20 439 

49 5 

•685 

36-3 

-1,007 

10,496 

K ^ 

Knrghil 

k 

3 

B 

2 

21-775 

64-6 

'734 

41-4 

-2,664 

8,839 

s S < 
« 5 

^ KhorbocfDras ... 

2 

0 

2 

•466 

61-4 

•756 

87-6 

-2,231 

9,272 


Bra? 

3 

1 

2 

20 712 

56-1 

■674 

46-9 

-1,400 

10,103 


Mataln 

4 

2 

2 

•317 

52-4 

•619 

49-1 

-951 

10,552 


Zogi Pats 

2 

1 

1 

19-803 

48-1 

•663 

6G- 

-192 

11,311 

w 

'k Ballal 

S 

1 

2 

21-253 

45-1 

•G27 

47 3 

-2,147 

9,356 

*< 
6*- - 

p 

■v Shita Kari 

4 

*> 

2 

23-037 

42-2 

'652 

47-5 

-3,081 

8 422 

6f« 

f f Kolan 

4 

o 

o 

23-144 

441 

•678 

41-G 

-4,347 

7,156 


^ Kangian 

4 

2 

o 

24-283 

51-4 

•652 

44-1 

-5,726 

5,777 


Gnndar IVil 

4 

O 

' 2 

'853 

48 5 

•599 

42- 

-6,39 4 

6,109 
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On comparing the elevations of the foregoing table ivith tliosc deduced by Captain 
Trotter, from his readings, partly of the barometer, partly of the boiling point tlicrrao- 
mctcr, it is to he remarked that, in the former, all the stations on the Kdrakoram plateau, 
indeed, all botTn'cen the Kdr^kfish and the Kubra valley, arc aho\it 300 feet lower than 
Captain Trottcr*s determinations. In some other cases, chiefly in Ydrkand, the present 
results arc the highest. The reason of this probably lies chiefly in the difiercncc of the 
reducing formulae used by Captain Trotter and myself. Although I do not And it actually 
stated in his report, I hare reason to hclicro that he has employed the formula given in 
Cape’s 00111*50 of Alalhematics, Vol. II, in wliich the co-cflicicnt of cvi)ansion of air is 
taken at -j-i— for each degree I’ahrenheit; whereas in the formulm used in the present 
reductions, that co-efiicient is taken at of the volume at the freezing point. It is 
very likely that, in some cases, such as that of Portash camp, the sites selected were not 
identical. 

Pig. 1, Plate XV, gives a graphic representation of the liypsomctrical data, the 
horizontal scale heing 16 miles to 1 inch, the vertical scale 10,000 feet to 1 inch. 


AIeteobological observations. 

These, as recorded on the return journey, comprise the readings of the following 
instruments : — 

1. Solar maxhmtm thermometer in vaevo, — A. mercurial thermometer on Phillips’ 
self-registering principle, with a small spherical bulb coated with lampblack, the 
thermometer heing enclosed in a largo tube exhausted and hermetically scaled. It was 
placed on forked supports about 3 feet above the gi*ound. The readings of tliis instru- 
ment are uncoiTcctcd. 

2. Minimum spirit thermometer for nocturnal radiation . — ^This was exposed at night, 
on the ground, either on grass or on wool. The readings are corrected for the error of the 
instrument. 

3. Dry and wet hulh mercurial thermometers. 

4'. Maximum mercindal thermometer for shade temperatures, on Phillips’ principle. 

5. Minimum spirit thermometer for shade temperatures. 

6. Wei hull) minimum spirit thermometer . — ^With the exception noticed, all the above 
instruments were verified *with a Kew standard and in melting ice, after the i*etum of the 
Mission, and the proper corrections have been applied to their readings. The shade thermo- 
meters and hygrometers were exposed under a portable shed of felt, supported by a frame- 
■work of rods and the readings are therefore comparable with those recorded at the per- 
manent observatories in India, and those previously registered by Dr. Scully in Kashgliar. 

7. A harometer on Portin’s principle, by Messrs. Troughtonand Sims, Xo. 910, with 
a tripod stand, made light and portable for mountain work. This instrument had been 
compared ulth the Calcutta standard before the departure of the Mission, and was again 
verified on their retm*n, and found to he unchanged. 

» Br. Scully describes it as folloirs ; “ The roof consisted of four folds of thick felt, on which dried grass or straw could 
be Spread to any desired thickness, resting on ft central tripod, and Enpported at the four comera by upright rods. Tha 
tbcrniomcters were suspended on a board attached to the tripod, 4 feet above the groand, so that the instruicenls were 
protected from the direct rays of the sun, and thev were freely ciposed to the air on all sides. 
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3IETEOROLOGICAL AND HYFSOIIETRICAL 


The hours of ohservatiou "were 4* and 10 a.m., noon, and 4 and 10 p.ii. j but 

it frequently happened tliat the day's march -was not completed hy 10 A, ii., and that the 
ohsen^ations of that hour were either lost or recorded in pai-t at some intermediate station 
on the march. This latter practice was always observed on, the high passes, at. which 
o-cnerally a halt of one or two honrs w^as made, and more than one set of readings recorded. 

^ The readings of the Tn ininm m thermometers for shade and radiation temperatures 
were apparently recorded some time between 4i h. and 10 h., probably about daybreak, 
when the camp was breaking up and on the point of starting for the day’s march. In 
most cases, the temperatares have been recorded to the nearest integral degree, and the 
decimals appear owring to the correction being added to the reading. 

Solar radiation . — Taking the difference of the readings of the sun thermometer and 
of the maximum shaded thermometer as the measure of the solar intensity, the most in- 
tense radiation sliewm in the register is that recorded in the Kdrdkdsh and Niihra valleys 
(at Karghan Ali Nazar, Gulgan Shah Mazar, and Panamik) at elevations of 10,690, 
12,260, and 10,660 feet respectively ; and, next only to these, come the ohseiwations on the 
Kardkoram plateau, at elevations between 16,000 and 17,000 feet. At the former stations, 
differences of TO'S" to 75*6'’ were recorded ; at the latter, the highest was 6^-3", viz., on 
the 3rd September at Daulat Beg Bldi. This result seems paradoxical, since the solar 
radiation has to traverse an additional depth of from 4,000 to 6,000 feet of atmosphere 
to reach a thermometer in the Xdrakdsh or NAhra valleys, and the absorption of this 
stratum must be not inconsiderable. It may, indeed, be fortuitous, and owing to the 
fact that the diathermancy of the atmosphere was actually less during the passage of the 
B^drakoram plateau than when the travellers were threading the valleys to the north and 
south ; but it is more probably attributable to the radiation received from the rocky sides 
of the valleys ; in other words, to the more enclosed position of the thermometer on the 
valley bottom, as contrasted with that on the high level plains. It is much to he de- 
sired that, wlien an opportunity may present itself, observations of Hodgkinson’s or some 
equally portable aotinometer may be secured on these high plains. 

A greater excess of radiative equilibrium temperature than the highest of the above 
has been recorded at the hill station of Murree and at stations on the plains of India. 

Nocturnal radiation . — ^The greatest depression of the nocturnal radiation thermo- 
meter (below the air temperature) recorded in the register, is that on the 1st October at 
IMatain, north of the Zoji Pass, at an elevation of 10,650 feet. This amounted to 12*4'’. 
'Other cases of a depression of 10° and upwards occurred at Murree (11*4°), Nuria 
(11*7°), and Panamik (10°). In general, the depression was small. The average of the 
nine nights passed at elevations of about 15,000 feet and upwards, was 4” only. That of 
eleVen nights in the Edrakdsh valley, at elevations of 10,600 feet to 13,200 feet, wns 3*6% 
and that of fifteen nights in the Nhbra, Shayok, and Indus valleys, between 8,900 feet and 
11,500 feet, was 4*6 . As far, therefore, as the observations shew, the depression of the 

erased thermometer, in consequence of nocturnal radiation, seems to have varied hut 
little Avith elevation. 


Atr temperature . olianges of temperatuie recorded l)y Dr. Scully are affected 
by throe cuoumstances. hrespeotiTely of changes of rrind and -n-eather. In the first 
place, as the joiimey occupied nearly tliree months of the late summer and eaidy autumn 
a oonsidcrahlo faU between tbe earlier and later register is due to change of season. Ir 
0 second place, the route of the travellers being from north to south mainly, and fron 
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the Tiorthern slopes of the great moimtnin jonss to those which face southwanls, they 
were passing from a normally cooler to a waraier climate ; and lastly, the great changes 
of elevation, which raarhed the successive stages of the journey, were necessarily chamc- 
terised by con’csponding changes in the temperature of the atmosphere. 

It is with the last class of variations that we arc here most concerned. The 
chai-actcristics of the Yarkand climate have already been discussed in a previous part of 
this volmnc ; and these may he compared ^rith the registers of Lch in the Indus valley, 
and with those of the Punjab and of stations on the southern slopes of the Himalaya, 
as given in the Annual Eeports of the Indian Meteorological Department. Leaving 
these subjects aside, 'it remains to enquire into the cficcts of tbc varying elevation, 
freed as much as 2 iossihlc from the influence of other causes ; and this may he done 
ivith comparative case, by taking as data the mean of all the changes experienced 
during the ascents and descents ; the variations arising from change of season and change; 
of latitude being progressive and continuous. We may furtlicrmore compare, as a 
whole, the temperature changes experienced in the gcncml ascent to the Kanlkoiam 
jdaicau, ivitli those of the descent ; with due consideration of the general fall of tcmjM»- 
ratui'e attributable to tbc season, as indicated by the registers of Ydrkand and Leh 
I’espcctively : and it will also be desirable to add a few words on tbc temperature 
ebaracteristics of certain, gcogiaphical sections of tbc route, viz., the Kdrdkiisli valley, tbc 
Kardkoram and Dipsang plains, and the Sbayok and Nubra valleys. 

In the foUoTsung table arc compared the mean temperatures of each halting-place ; 
in most cases as obtained from the mean of the maximum and minimum thermometers, 
and the four or six observations of shade temperatm'c at specified horn’s. Casual read- 
ings on passes, and those of camping stations at wliich the full daily scries is imperfect, 
are compared with those of corresponding hours at the nearest camps on each side. 
Since, however, the day ohservations thus compared arc much more numerous than the 
night ohservations, and it is at least probable that tbc decrement of temperature ^vilh 
elevation is by no means tbc same by day and night, it is necessary to distinguish the 
two ; and the table gives, therefore, a comparison, in separate columns, of the means of 
the day ohservations (8, 10, 12, and 16 horn’s with maximum), and those of the night 
readings (22 and 4- hours, and the minimum). I include those cases only in wliich 
the difference of elevation during the day’s march exceeded one thousand feet. 


Changes of ieiapcraUtre tvilh ascents and descents. 


Eii^oxs. 

Day* 

ln?crT3l. 

Asmsts 

or 

(3«c«ats. 

Diflorenco 
or rlfTs- 
Uop. 

1 I)iT TKirrieiiatE. 

Xicirt TsjfrrxtTTKc. 

i 

i LoTTrr, 

^^ 1^1111 


, Lower. 

L'rper. 

• 

Kliil Aghil to K. B. Mtitat ... ... | 

1 

A. 

1330 

5S-5 

611 

+2-9 

4S-4 

49-G 

+1-2 

Sanju to Cbwebo Pass 

S j 

A. 

5120 

1 

Gll 

sac 

-22-1 i 

i 

• •• 

« w • 

... 

Cliaclm Pass to Tndlik 


D. 


61G 

39-0 

-13-G 1 



... 

Cliong Tasli to Tatllik ^ 


A. 

1020 

55-7 ; 

54-2 

-1-5 

4SO 

461 

-2-3 

Tadlik to Kicivik Yoilak 


A. 

2237 

62a 

39-4 

[ -13-5 

47-1 

311 

-130 

Kjckik ynilak to Sanja Pass ... 


A. 

4G33 

35-S ' 

3CK) : 

j *-8-S 

... 


... 

S-anju Pass to Oibnk ... 

1 

1 ^ ' 

1 

D. 1 

1 

j 4S30 

CO-1 

300 

1 -30-1 

... 

1 

— 
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ST1GB3. 

Da5B 

Interra!. 

scents 

or 

descents. 

Difference 
of clera- 
tioo. 

Di,T TEMFBBjlTirEH. 

Nionr TaueBBiica*. 

Lower. 

Upper. 

Difference. 

Lower, 

Upper. 


B&Tctial to K. All Naiat 

■ « < 

1 

D. 

2070 

58-7 

41-6 

-171 

47-4 

33-7 

-n-7 

Portash to Portash Pass 

... 

1 

A. 

3650 

63-8 

45'G 

-18-2 

> . « 

... 


Porfosh to Akin 


1 

A. 

3170 

... 

... 

a •• 

43-7 

2S-3 


n. Sarighot to Brangsa 

... 

1 

A. 

1020 

47-4 

43'4 

- 40 

26-8 

22-3 

'-4-5 

Brangsa to Karakoram Pass ... 

«■« 

1 

A, 

1410 

44-1 

33-5 

-10-6 

... 



Karakoram Pass to Mnrgliu 


2 

D. 

3390 

B.'il 

33'5 

-21'6 

... 

... 


Dipsang Pass to Jlurghu 


1 

D. 

2940 

521 

24-9 

-27-2 

... 

*•* 


Sasser to Sasser Pass . . 


1 

A. 

2420 

61-1 

310 

-20-1 

... 



Sasser Pass to Pannmik 

... 

2 

D. 

7030 

74-1 

310 

-431 

... 

■ «. 

... 

Karo wnl Pass to Panamik 


1 

D. 

4620 

77-2 

52 9 

-24-3 

**• 


... 

Tsnttl to bcloar Kliardotig 

... 

1 

A. 

4910 

69-2 

49 2 

-10-0 

48-1 

305 

-176 

Below Kliardong to Khardoog Pass 


1 

A. 

2270 

49-1 

34-0 

-151 



... 

Khardong Pass to Bch 


1 

D. 

6287 

611 

30‘6 

-30-6 

... 

... 


Below Khardong to Loll 


li 

D. 

4017 

67-5 

49 2 

-183 

4-1-2 

30'5 

-137' 

Loll to Ninm ... 

... 

1 

n. 

1027 

... 

... 

... 

GO 

47-7 

-01 

Saspol to Nuria 

... 

1 

D, 

1330 

82-7 

79 9 

-2-8 

61-5 

561 

-5-4 

Nuria to Lama Vuni .„ 

• t « 

1 

A. 

2390 

77-5 

590 

-18-6 

61-5 

469 

-146 

Lama Yura to Foto Pass 

«•« 


A. 

2010 

6V1 

53-1 

-80 

«« » 


4.. 

Lama Yuru to Nnmikn Pass ... 

... 

2 

A. 

1220 

61'1 

510 

-101 

... 

... 

. ■ V 

Shcrgol to Ivnrghil ... 

r • « 

1 

D, 

1660 

66-2 

43-9 

-22-3 

491 

42-3 

-6-8 

Zogt Pass to Shita Kari ... 


1 

D. 

2890 

431 

47-1 

+10 

a.. 

... 

.4. 

Shita Kari to Kolan 

... 

1 

D. 

1260 

48-2 

48 2 

0 

40 4 

38 9 

-1-6 

Kolan to Kanggan 

... 

1 

J). 

1380 

57-5 

48'2 

-9-3 

466 

40-4 

-62 


Taking, separately, tlie observations between Xbrkand and the Kdrakoram, and 
those from the Karakoram to Srinagar, the means of the day and night comparisons 
show the following increments of elevation for T Pahr. of temperature 


Y<\rkand to Karakoram 
Karakoram to Srinagar 

Mean ... 



Day. 

Night, 

Mean. 

212 ft. 

236 ft. 

224 ft. 

188 „ 

273 ,, 

230 „ 

200 „ 

254 „ 

227 „ 


, The means of the 24 hours agree therefore fairly weU; but it would seem that, 
nhile on the northern side of the plateau the decrement of day temperature with 
elevation is less rapid than on the southern side, that of the night is more so. In 
both cases, as was anticipated, the decrement is more rapid by day than by night, and 
the mean decrement of the 24 horn’s is V Pahr. for 227 feet, or V cent, for 133 metres, 
or /4 cent, for 100 metres. ^ This last result may be considered the most trustwoitliy. 

s ows that a more rapid decrement of temperature characterises the raUeys and 
moun ains o Tibet, than obtains on the plains of the Punjab and outer slopes of the 
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ITimiilaya. In the latter region, the mean decrement ’behveen M\in'ec and BawnlpiniU, 
in tlie montlis of August, Scptcinher, and October, is 1'" Palir. in *107 feet, a rate which 
is little more than half of the above; and that between Chaknita and Eoorhcc is 1* 
in 32G, or about two-thirds onlv. 

The nearest approach to the rate of decrease in Tibet, hitherto obser\’o<l in 
any other part of the Indian region, at this season, is tliat hot ween Knwera Iliya, 
in the central lulls of Ceylon, and Batticaloa, on the cast coast. Tins amounts to T for 
22G feet in July, 2J2 feet in August, 252 feet in September, and 201 feet in October. 
There is, how'cvcr, little analogy in the gcograplucal characters of the two regions. 

Accepting, provisionally, for the month of Scptcnihcr, the mean decrement of 1“ 
for 227 feet, which results from the foregoing data, we may compute therewith the 
mean temperature of the Kdrdkoram plateau, in the same month, at an average elevation 
of 16,000 feet, by comparison ivith Leh. Tlic mean temperature of Lch in September, 
derived from the average of five years’ observations, is GO’d)" ; the altitude being 11,500 
feet or 4,500 feet below’ tbc plateau. Bcducting 20° for the difference of elevation, (his 
gives 30*4° for the mean tempcratui'c of the plateau in the same month. lor Ydrkand, 
in September w’c have no observations, but by a comparison with the course of the 
temperature variations of Taslikcnd and some other Russian stations, Dr. Ilann lias 
obtained for Yiirkand an interpolated value for Dr. Scully’s and some earlier ohserv’a- 
tions of 19‘2° Cent. =:66’6 Fahr, The difference of elevations between Yiirkand and 
the Kdrdkomm plateau being 12,000 feet, the mean September terapemture of the latter 
computed from this datum at the adopted rate of decrement would he 13*8° Palir. If, 
liow'cvcr, w’c give twice the weight to the value derived fi'om Lch, on account of the 
greater prosdmity of that station, and the smaller difference of latitude, we obtain as 
the most probable value 26*1° !. as the mean tempei-aturc of the plateau at lC,000fcetin 
September. 

The mcvan of the observed maximum and minimum temperatures on the six days, 
1st to 6th September, at the camps between Durwaza Sarighot, and Sasser (mean eleva- 
tion, 15,772 feet) is SS’D; so that, considering that, at this season of year, the tempera-' 
ture is falling mpidly, the mean of the month at 1G,000 feet, as above determined, is by 
no means improbable. 

The mean temperature of the Kardkash valley, between the 20tli and 30th August, at 
elevations varying from 10,590 to 13,210 feet (mean 11,063 feet), is showm by the obser- 
vations to he 53'2.° That of the Niibra valley, between the 9th and 12th September, at 
elevations of from 10,230 feet to 10,840 feet (mean 10,558 feet), is in like manner 43*4.° 

The cliuraal range of temperature, on the Kdrakorani plateau, averaged not less 
than 35*T, 'with fine clear w’cather. In the Karakdsli valley, where the weather -was 
more cloudy, it averaged only 23*4°, on one day only rising to 34'9 , and in the K^tihra 
valley, where also cloudy weather prevailed, 9'G°. At Leh the average range in Septem- 
ber is 31-4°. In the year 1875 it -was as much as 35’3°. Prom this it would appear that 
on the liigh plateau the range of daily tcmperatiu’c is at least as great as in the valleys 
on its borders. 

Iloui’ly observations of tcmperatiu’e were recorded at Karghalik and Sanju, in the 
Yarkand plain ; at Kichik Yailak, on a rolling xUpine pastui’c helow' the Sanju pass, 
11.850 feet above the sea ; at Gulgan Shah ]Mazar, in the Kdrdkash valley, at 12,250 

* The mean tompeiature of XoTemher at Leh. is 20' below that of September. 


r 
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leet; at Leli, in the Indus valley; Srinagar, in Kaslumr; and finally at llurree, the 
hill sanitarium of -the Punjab. These, duly corrected for the errors of the instrument, 
are reproduced in the following table : 

Sourly Observaiions of Temperature in Yarkand, Tibet, and Kashmir, \ 


llouss. 

Karelialit, 
4,429 feet, 

4(li Aogtist. 

Sanja, 6,470 feet, 
]£th August. 

KieWfc r«ilat 
U,h50fect. 
19tb August, 

Gulgan S. Ifaiar, 
12,250 feet, 
23th August. 

Irf-h, 11.503 

19tb Beptembet. 

Srinagar, 

6th October. 

■ M urtce, 

21bi October. 

Midaight 

61-6 

62'1 

35-2 

40'5 

640 

■mn 

62-1 

1 

ct-i 

621 

34-0 

400 

53 0 > 


51-1 

2 

63-6 

61-1 

33-5 

400 

BO-5 


49-6 

3 

63-6 

61-1 

340 

39-5 

500 

390 

47 « 

4 

CO-2 

65-3 

34-9 

39-0 

490 

40-0 

47-1 

D 

60-1 

63-9 

350 

395 

47-0 

41-0 

46-5 

6 

61-1 

63-1 

sen 

40-0 

440 

41-0 

4G-1 

7 

67-3 

611 

36-5 

41-0 

62-0 

43-1 

50-1 

s 

72-1 

68-1 

860 

43-6 

680 

47-6 

B2-1 

9 

76-7 

71-6 

37*5 

46-6 

60-0 

51-1 

67-1 

:3x» 

fil'2 

76-3 

38-8 

63‘1 

62-5 

64-6 

68-1 

11 

85-2 

77-2 

40-0 

65-1 

64-0 

■ 65-1 

69-G 

Kooa 

87-7 

74-1 

42-1 

591 

68a 

66-1 

69-6 

13 

8S-a 

76-4 

40-5 

591 

68-5 

co-x 

69-1 

14 

90-7 

79-2 

390 

65-1 

71-5 

58-1 

6D-1 

15 

897 

75-2 

390 

B5-1 

GS-0 , 

68-1 

68-1 

IG 

87-2 

12-G 

37-5 

63-1 

65-0 

56-1 

67-6 

17 

84-2 

701 

370 

60-1 

63-5 

55-1 

54-1 

18 

SO-7 

GG-6 

36-5 

49-6 

61-0 

49-1 

63-1 

19 

77-7 

66-6 

36-0 

49G 

BOO 

48-1 

62-6 

20 

76-7 

651 

35-5 

496 

565 

456 

60-1 

21 

75-3 

62-6 

850 

49'1 

64-0 

44-1 

49-1 

oo 

731 

62 0 

350 

45-1 

63-0 

43-1 

49-1 

23 

72‘1 

58*1 

35-0 

45-0 

63-0 

41-0 

49-1 

llidnigUt ... 

71-9 

68-1 

34-8 

43-1 

51-0 

40-0 

48-1 


Ah' pressure . — ^The registers of pressiue recorded during a journey such as Dr. Scully’s, 
are chiefly of interest as affording data for determining the elevations, and also for 
affording some indication of the character and magnitude of the diurnal range in 
different situations on the mountains. d?req[uent changes of station prevent their 
tlirowing much light on the character of oscillations, whether periodical or otherwise, 
that are not completed within the occupation of one and the same camping-place. 

The character of the annual oscillation of pressure, at an elevation of 11,600 feet in 
Tibet, is now known, from the observations of the Leh Ohseiwatory, to he, very different in 
character from that which characterises the plains of India ; proving, if even other evi- 
dence of the fact were wanting, that this region isheyond the sphere of the regular semi- 
annual change of the monsoons. At page 62 of this volume, a table was given, shoving 
the mean pressure of each month at Leh, derived from the registers of two years and 
four months. The following table gives the average of from four to six years, (the three 
months, May to July, being represented hy the means of four years only, and the four 
months, September to December, by those of six yeai’s,) and only slightly modifies the 
conclusions drawn from the former table 


Mean monthly pressure at Leh. 



ins. 

January 

19-604 

February 

-578 

.M.arch 

•640 

April 

•649 


•66S 

June 

•650 



ins. 

19-C16 

August . 

•640 

September 

•092 

October 

-722 

November 

■742 

December 

■ -701 


i— > J i i 

It shows that the absolute minimum pressure of the year falls in Pehruary ; that a 
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of nearly 0*09 in llic tlircc following raontlis, brings it to a first maximum in ^fny ; that 
it then falls 0*052 to a subordinate minimum in Julv: and then acrain rises ncnrlv 0‘l;i 
to the absolute maximum of the year in Kovember. The fall between December and 
January is very rapid; and this coincides u*ith the setting in of the winter rains in 
Upper India. On a comparison of this variation with that wliicb characterises the 
ITimdlayan Hill Stations at 7,000 feet, and again with that of the plains of Upper India, 
it seems probable that, at still greater elevations than Leb, for example on tbb luinikomm 
plateau, tbo early spring minimum would be found relatively lower, and the July 
minimum still less marked ; wbUo the absolute maximum would probably fall some- 
^yhat earlier, possibly in October : and by ascending still bigber, we might- at length 
attain a level, at wliicli the annual oscillation of the Indian plains would be found 
reversed. The tlwcc curves of the annual variation at Lahore, Ciiuckrata, and Leb an* 
shewn in Kg. 2 plate XV. 

The hourly observations of pressure recorded by Dr. Scully during prolonged 
baits, and those wliich he has furnished, as far as possible, from all camps, for the approx- 
imately critical hours of 4, 10, 16 and 22, arc of extreme value for the information 
they afford respecting the diurnal oscillations of pressure at great altitudes. The foUou’ing 
table gives the results of the hourly ohsen-ations recorded at the same seven stations as 
furnished the temperature observations already detailed on the prenous page. 


JTourIjf Observations of the Barometer reduced to FahrenJicit, and corrected to the Calcutta standard. 


llocns. 

Karpliam.-, 
4,420 fMt, 
4th AugQiit. 

Ranjo, 

C,4"0 Ket, 
lith August. 

Kiehtfc Vailak, 

1 1,8 VJ feet, 
10th Augutt. 

Gutgan Shah >1, 

2StD AUSD't. 

U\ 

11,103 

I9th tJeptcmher. 

Rrfaacar, 
6,!:n feet, 

Cth OclohcT. 

Morrre, 
r, 4 to feet 
•l,t Octoher. 

ITmtrt. 

Jlidniglil 


25-3G2 

23-039 

19-415 

19 18G 

ie73l 

24-878 

23-012 

Mtdtii?lit. 

1 


'378 

•on 

•419 

•175 

•727 

•8SO 


1 

4> 

... 

*377 

♦C55 

•425 

•173 

•727 

•87C 

•024 

O 

3 

... 

*DS3 

•6C5 

•421 

•171 

•725 

•873 

•022 

3 

4 

«•* 

•3S7 

•G91 

•393 

•171 

•727 

•8S3 

•018 

4 

5 


•3S7 

•717 

•391 

•163 

•729 

•891 

•032 

5 

G 

• • • 

•399 

•725 

-392 

•1G5 

•752 

•S95 

•03G 

C 

7 


•423 

•721 

•394 

•155 

•763 

•905 

•OlG 

7 

R 


♦431 

•724 

•402 

•1C5 

•80G 

•909 

•OGO 

8 

9 

a. » 

'439 

•72S 

•421 

•170 

•607 

-932 

•073 

9 

10 


•430 

•729 

*425 

•159 

•801 

•93G 

-093 

10 

11 

*** 

•415 

•720 

•421 

•143 

•793 

•927 

-091 

11 

Noon 

... 

•401 

•70S 

'417 

•12G 

•754 

•905 

•0S9 

Noon. 

13 


•3SS 

*704 

•417 

•120 

•734 

■8S5 

-079 

13 

It 

a. ■ 

♦3G0 

‘G92 

•417 

•106 

•710 

•877 

' -075 

H 

15 

4. a 

•32S 

•GS5 

•415 

•112 

•G78 

•SS7 

-0G7 

15 

IG 

a. a 

•320 

•6S3 

'423 

•131 

-G76 

•SS3 

•0G3 

1C 

17 


•317 

•GSO 

•435 

•140 

•G76 

•8S9 

-059 

17 

IR 


•321 

•6S0 

•4-11 

•142 

.•GCO 

•697 

•0G5 

IS 

19 

• • • 

•329 

•6S7 

•449 

•142 


-899 

•OGG 

19 

•-'0 

*a« 

•359 

•703 

•477 

•154 

•703 

•912 

•OCG 

20 

21 

. a * 

♦3S9 

•711 

•4S3 

•172 

•715 

•914 

•070 

21 

AO 


‘402 

*715 

•4SS 

•213 


•920 

•072 


23 

**% 

•42S 

•703 ^ 

•4S6 

-226 


-927 

•05S 

23 

llulnight 

... 

•42S 

-701 

•475 

•OOA 

191 

*930 

•02C 

Hidnigbl. 
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Correcting these by distributing ct^ually tlie difference of the initial and terminal 
midnight observations, the hourly variations of these series are as follow ; — 

rariation. of i?ie hourly laromdric readings from ihe diurnal means, derived from the preceding (able. 


JIOFBS. 

Kntfttalik. 

Sanja. 

KiclUk 

1 y»>lab. 

1 

Gnican 

Blinh 

iUazar. 

1 

Leh, ' 

1 

1 

1 

SrioaBaT. 

Mbttcb. 

[ Iltufsa, 

! 

^liduiglit 

+•012 

-•027 

1 

; +'016 

+■046 

1 

+■007 

■^-'003 

—■038 

iKdni^ht. 

1 

1 +-026 

—•027 

+•018 

+■033 

+■003 ' 

+'003 

—030 

1 

2 

+■022 

— -OIG 

+•021 

+ •030 

+•002 : 
• 1 

—•003 

—027 

2 

3 

+ ■025 

-•008 

+ 015 

+•026 

—•001 

—•008 

—■029 

■ 3 

4 

+•026 

+•015 

—■016 ' 

+■025 

+•001 

0 

—034 

4 

5 

+■024 

+•038 

—■020 

+ •020 

*+•002 

+■006 

—'020 

6 

G 

+ ■033 

+•040 

—022 • ' 

+•018 

+•025 

+•007 

—017 

6 

1 

+■054 

+•039 

—•022 

+•004 

+•034 

+•016 

—■008 

i 

7 

8 

1 “f'‘0o9 

+ ‘038 

—017 

+*013 

+•078 i 

+•017 

+•006 

8 

9 

+'065 

+•039 

0 

+•016 

1 

+ ■078 

+•038 1 

+ ■018 

9 

30 

1 +-053 

+ 037 

+ ■001 

+•004 

+ ■071 

+•040 

I 

+•038 

10 

11 

j +’035' 

+ ■028 

—•003 

—■014 

+ •063 : 

+•029 ' 

+'035 

11 

Noon 

1 +’018 

+•011 

—012 

— 032 

+ •023 

+•004 

+•033 

Noon- 

13 

0 

+‘005 

I- -‘014 

—•040 1 

+•003 

—018 

+•022 

13 

14 

—■028 

—•010 j 

-■017 

—•055 

—■022 ! 

—•028 

+•017 

14 

15 

— -003 

—•020 

—•021 

—'051 

—055 ! 

—•020 

+•009 

15 

1C 

—■074 

—•024 

— 016 

—033 

1 

1 

—057 I 

—•026 ' 

+ •004 ' 

]6 

ir 

—•079 

—•030 

—•006 1 

—•026 

—058 

— ’022 j 

0 ' 

17 . 

18 

—•078 

1 

—•032 

—'003 1 

—025 

—*074 

—017 

+•005 ' 

18 

19 

—•073 

—•028 

+•003 

—•027 

—•057 

—017 

+ •005 ■ 

19 

20 

— -040 

—•016 

+■028 ' 

—016 

—'031 

1 

1 —006 ' 

1 

+•006 ' 

20 

21 1 

1 

-•018 

—•009 1 

+ ■032 

0 

-•021 

—006 

+ ‘008 

21 

22 

—•008 

1 

—■008 

+•034 

+'040 

—014 

—•002 

4-010 

22 

23 

+•016 ' 

—022 ' 

+•030 

+•051 

—012 

1 +-003 

1 

— •■005 1 

23 

itean ... 

25-383 

23-697 

19-429 

19-168 

19-731 

1 24-901 

1 

23-057 



^ ^ ^ai’gnaui. IS in the plains of Tdrkand, at no gi>eat distance fr( 

is j ^ might be anticipated, the general character of the variati 

Sill ^ obsen 

elevation and do^e me^footlf th™'™’’’* ™ 

rione on tho nnrfli cirio v n o • ^ mountains. Kichik Yailalc is on an open alpi 

ol)se3Ta«ons at this sfationlas th" the plains. The day of t 

. gau Shah Mazar is in the Karakash vaUey, n-ith ihe lofty Kuen Lnn to the no= 
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and the Kdi'dhoi'nin plntcaii, 4,000 or 5,000 feet above the valley, on the t:oulh. I/(*h is 
in the Indus valley, hoiiiidcd on both sides by lofty ran"cs; Srinaimr in the mountain* 
girl plains of Kashmir ; and IMnrrcc on a ridge of the chain that di\-ides Kashmir, or ratlu'r 
the yalley of the Jhilum, from the Pot'vvar or high level plain of tlic Punjab. The 
cxirvcs of the preceding fable arc represented graphically on plate XV. 

A single day’s observation furnishes, however, hut a very uncertain criterion of the 
character of the diurnal variation; and some additional value may he given to the 
result, by taking into consideration the variation on otlier days, on which ohsc^^’ations 
have been recorded at least at the four six-hourly iuten-als. Of the stations enumerated, 
Karghalik furnishes three complete days ; Sanju, four days ; Gulgan Shah Jfnzar, foxir 
(lays; Lch, nearly seven days; and Srinagar three and a half days. Por ICichik Yailak 
we have one and half only, and for Hurree one and three-fourths days. 

Prom th(jsc data, the following variations from the mean of the day have been 
deduced, for the hours of ohservationh — 



Usti. 

4 Hour*. 

10 Hoar*. 

ir, Iloart. 

tz Hour*. 




Inches. 

Inches. 

Inches. 

Inches. 

Karghalik 

• * * 

:t 


+ •033 

—•055 

+- 01 C 

Sanju 


A 

-f 00 ‘> 

+•014 

—• 0-25 

+ -tX )8 

KicLik Ynilak 

« ** 

n 

— 013 

—•002 

1 

6 

o 

1 +-030 

Gulgan Shah Jfazar ... 


4 

+•020 

+•017 

-'OCG 

1 +- 0-22 

XiC^i •«« 

*** 

7 

—•001 

+ 070 

—•018 

I —• 0-23 

Srinagar ... 

«** 

H 

— 0-01 

+•010 

— 031 

-•Oil 

Jlurrce ... ... 

•• 

I? 


—•001 

—•007 

1 +' 0 M 


■\Vith the exception of IMiuTce, the values thus obtained, arc as consistent vith 
curves of the general character of those afforded by the hourly obscn’ations as can be 
expected. The results obtained for Gulgun Shah Mazar and Loir more especially are 

' These have been computed in tlie following manner, on the assumption that the mean of the four .•'ix,hourlyohs<rvations 

is the ineati pressure of the day. Let a, 5, c, rf ; a*, A', c*, rf*, Lc. represent the observations of consocutive days. Then the 

varialuui of each hour (excepting the first two and last two) is assumed to be obtained bj' tJie following fonnola ; — 

aO + fi + o + rf+io* , J 6 + 0+ rf t' o' -h , 

c — j d j Ac. 

The two initial .and two final observations are compared with tlie means of Ibc first and last days respectively, with a pro- 
portional correction for the rise or fall during the day. Thus for a and h the variations are — 

o + i-t-o + rf. a — a< , n + J-fc+rf .o — o' 

J y -P— ^ 

The means of all the \-alues of homonymous hours thus separately obtained, arc then corrected to a general mean. 

- The folloiving data for the Lch cmwc in Soptember an; dedneed from 12 complete scries of hourly obfcri-ations n.'CjmTFd 
on the 7th, Idth, 21st and 2Sth of the month in 1870, 1877, and 1S7S. 

Hourly variaiwn of Pressure at Leh in Sejoiemler. 


Honrs.' 

Icclirs. 

Uouw. ' 

Inch. 

Henri. 

Inch. 

Slidnight 

+ 001 

8 

-f-’0u4 

IG 

-•OG2 

1 

+-oo(: 

9 

+-05S 

17 

— -083 


+•010 

10 

+-0JS 

IS 

— '05G 

3 

+■015 

11 

+•027 

19 

“ i 

4 

+-020 

Xoon 

+ 004 

20 

--024 

5 

+-02S 

-13 

--017' 

£1 

--015 

0 

+‘037 

34 

-•037 


I 

pm 

i 

+■018 

15 

9 

J 

2ir 

1 —-vOo 
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■s'ciy consistent, and show a remarkable regularity in the diurnal variation, on con- 
secutive days. The cuiwes of Karghalik, Leh, and Srinagar bear a considerable 
resemblance to each other, and also to the curves of Ydrkand in the summer months 
(Plate VIII). But that of Gulgan Shah Mazar, the situation of which is not very 
dissimilar from that of Leh, is of a very different character, the night maximum being 
apparently greatly in excess of that of the morning. With a view to the further 
illustration of this interesting subject, I give, in the following table, the rise and fall 
between each pair of consecutive observations at the six hourly intervals ; and take the 
mean of all the stations, under similar geographical conditions, for the three sections of 
the journey, viz.^ the Kdrdkdsh valley between 10,590 feet and 13,210 feet; the 
Kdrakoram plateau and Upper Shayok, between 14<,8dj0 feet and 16,800 feet ; and the 
l^iihra valley between 10,230 feet and 10,840 feet. 


K&raLash Veilley, 
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A^s far ILS tlicsc data go, llioj* seem to sliow that the character of the o?cillation is 
vci-y simiJar in the KilrukAsh and Isiihra valleys, and consists essentially of a great mid* 
day fall of pressure and a great rise in the evening, such ns was illustrated in the curve 
of tlic hourly observations at Gulgan Shah Mazar. Both the foregoin- tahlc, and those 
of the hourly and six-hourly ohsen’ations at Gulgan Shah :^ta^:n^, previously civen, 
indicate that, unlike Lch, Srinagar, and places on the plains generally, the ahsolutc'nmxi- 
mum of the day occurs near midnight or in the early morning hours, a most unnsunl feature 
of the diurnal variation ; hut further evidence would he necessary to establish this as 
a fact, and meantime it must he regarded as more or less open to question. 

The stations above 15,000 feet show a variation of the normal chameter, hut appa- 
rently of smaller mnge. The data, however, arc too fragmentary to admit of any 
trustworthy conclusions. 

Thc single day’s ohsorvations at Murree yield a cun*c, which shows, in an exagge- 
i-atcd degree, the peculiar features characteristic of moimtain peaks, r/r., an absolute 
minimum in the night or early inoming [?}, and an absolute maximimi in the forenoon ; 
and, as far as can he judged from the subsequent regular registers of the station, for 
tlu’ce entire ycai’S, at 10 h. and IG li., the average fall of pressure hetween those hours 
docs not exceed tliat cxldbitcd in the curve. It is desirable that the character of the 
night oscillation should he further investigated. 

Winds. — Dr. Hcndci-son’s remark that, in Tibet and Ydrkand, the winds blow* up the 
valleys in the day-time and dowm them at night, has been quoted in a previous part of tliis 
volume.^ This is a well-known phenomenon in mountainous countries ; and its physical 
explanation, which, until lately, has been given only in a partial and imperfect fonn by 
most 'wi-iters on the subject, has been recently set forth in a very lucid and admirable 
paper, by Dr. J. Harni, published in the Sitzungshevichte of the Vienna Academy. 

According to Dr. Scully’s register, the winds w'ere chieay w*csterly on the Yiirkand 
plnms,= and northerly in the Sanju and Kdrdkdsli valleys, occasionally interrupted by 
calms, especially duilng the halt at Gulgan Shah !Mazar, The nortlicriy or north-east 
(up-valloy) wind continued to the Portash Pass, wlicrc the tmvcUers w'crc met by a 
south-west wind registered at force 4. Prom this to the Dipsang, strang winds blew 
from west or south in the day-time, falling to calm at niglit. This is a well-known 
characteristic of the liigli plains of Tibet, and has been often described by travellers. 
After passing the Iva^a^val Diwan into the Niihra vaDey, the up-valley winds irere 
chiefly from south, and on twn days it was calm. Across the Khardong Pass, the wind 
blew' from north, and at Leli and in the Indus valley, the winds were very light or calm. 
In the ICashmir valley, calms also prevailed. 

Wygrometry and Cloiid. — The hygrometric values have been computed directly 
from the observations, by August’s formula. They arc of very great interest, more 
especially for the information they afford respecting the vertical decrement of vapour 
distribution, in the generally dry climate of the Tibetan highlands. In order to ascer- 
tain this approximately, I have grouped the observations according to the elevations of 
the stations. The result can he regarded only as an approximation to the mean vertical 
distribution, since, not only are the vxulations due to geographical position and the 

* P.'vpc 6G. 

* In a few instances in the register the wind entiy is "calm,” hnt of estlnnted foree 1, I leave the entry as I find it. 
The prohablc meaning is that light zephyrs alternated with intervals of calm. 
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change of season very considerable^ and the irregular or non-periodie fluctuations also 
great, hut the diurnal periodic I’-ariation is too variable to admit of any valid correctio 
being applied to obseivations taken at different hours of the day ; and I am obliged 
therefore, for the pui^pose of comparison, to take the simple means of all observatio * 
recorded uithin the same limits of elevation. These data are given in the followino- fables 
the fii-st of which sums up the observations between certain limits of elevation, separatelY' 
tor each section of the journey; the second takes account of the elevation alone •— * " 


YarLand Phins 
Ditto 

Sinjn Valley 
Ditto 

Sanju Pass 
KarAkasL t alley 
Kurakoram Phtcau 
E&bra Valley 
Khardong Camp and Pass 
Indus Valley 
Ditto 

Vallej Sind 
Kashmir 
Ditto 
Ditto 


Eaugc of Elevation 


4,000 to 6,000 feet 


5,000 „ 7,000 


7,000 „ 10,000 


1,0000 „ 14,000 „ 


10.000 „ 14,000 

14.000 „ 18.200 

10.000 „ 11,000 

15,580 „ 17.800 

10,000 „ 14,000 

7,000 „ 10.000 

7.000 „ 10,000 

5.000 7,000 

4.000 „ 5,000 

2.000 „ 4,000 


Mean 


4,333 feet 
6,189 „ 
8.697 
11,817 
16,480 „ 
12,017 
16,030 „ 
10,509 „ 
16.277 
11,237 „ 
8,967 „ 
8,216 
5,304 ,, 
4,576 „ 
2,469 „ 


The summary of the above gives the following:— 


Eanpo of Elevation 


Feet 

1 1.000 to 18 200 

10.000 to 14 000 

7.000 to 10,000 

5.000 to 7.000 
4 000 to 5 000 


Mean 


Feet 

16,078 

11,230 
8,020 
5,813 
4 390 


Jfo of Obiervatlons 


10 

139 

M / 

60 

47 t 



No of 
observations 


36 

38 

17 

9 

1 

54 

33 

12 

6 

04 

9 

n 

28 

n 

16 


0 420 inches 
0 300 „ 

0 287 „ 

0 204 
0 151 „ 

0186 „ 
0100 „ 

0 234 
0 331 „ 

0 188 „ 
0199 „ 

0 254 „ 

0 253 
0227 „ 

0 379 ,, 


"Mean terwon 


Inch 

0111 

0192 
0 256 
0 282 
0 382 




OBsnr.VATioxs tk \n:sTi:RN' tibrt. 


2:n 

The obscn’ntions of relaHve Ininiitlity, (rented in the Fnnio ninnner as the above, 
give the following mean results : — 


1 

Kinpe of KcTiJlcc. 

1 

t f 

■ ( 

r.fLKir-., 1 



Kett 

]*crL 


Trr f rnl. 

Yirlrnna riains 


4,000 to C.OOO 

4,033 

DG 

40 

UiUo 

* » t 

C.OOOto 7,000 

C.ISO 

38 

49 

Sanju Vnllej 

• *« 

7,000 to 10,000 

S,C07 

17 


Ditto 

■ < t 

10,000 to 1 1,000 

11,817 

0 


Sanju Paci 


««• 

15,4 SO 

1 

DI 

KtlrJikasli Vnllny 

« «* 

lO.COO to 1-1,000 

12,017 

51 

50 

Kiinlkoram Plateau 


1-1,000 to 15,200 

10,030 

33 

53 

Ktlbru Valley 

« •« 

10,000 to 11,000 

10,509 , 

12 

ro 

Kljnnlnng Camp and Pasi 

15,500 to 17,800 

10.277 

0 

02 

Indiw Valley 


10,000 to 1-1,000 

11,237 

Cl 

43 

Ditto 


7,000 to 10.000 

8.907 


42 

Sind Valley 

• •• 

. 7,000 to 10,000 

8,218 


SS 

Kashmir 


5,000 to 7,000 

5,301 


71 

Ditto 

««« 

4,000 (0 5,000 

4,570 


51 

Ditto 

• •• 

2,000 to 4,000 

2,409 

m 

00 


and classified for elevation only, iiTcspcctive of time and geograxdiical situation. 


IJacg'c of Elcratlon. 

Mean. 

J»*o, oT Olijrrrstion*. 

Eel- Iluis- 

Feet. 

Feet- 


Per cent. 

14,000 to 15,200 

10,078 

40 

5G 

10,000 to 14,000 

11,230 

139 

53 

7,000 to 10,000 

8,620 

37 

72 

5,000 to 7,000 

5313 

GO 

00 

4,000 to 6,000 

4,390 

47 

47 


3?i'om this it vrould appear that the Indus and Kdrakash valley systems, and the 
massive table land between them, enjoy a much drier climate tlian either Kashmir 
or YiU'hand, from "which they arc separated by the Luduk and Kuen Lun range<^ 
respectively. The Sind valley, leading up from ICaslimir to the Zogi jiass, and the Sanju 
valley, leading up to the pass of the same name, ivere both considerably more humid 
than the valleys at equal elevations. leading dowiifinm those passes on the opposite slopes. 
This may, however, he fortuitous. The climate of Kaslmiii' is also more humid than 
that of Ydrkand. 

The following are* the results of the homly observations of the psychrometer 
recorded at the several halting-places jireviously enumerated. 

G 
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Sourly Observations of Fajionr Tension hi Ydriand, Tibet, and Kashmir. 


Karplijlik, 
4,123 feef, 
4Ui Augast. 


Swju, 
fi.irujcft, 
12th August. 


Kiduk Yailak, 
ll.SSO Icut, 
19th Augnat, 


Gnlgiu 6, Msiar, 

1A250 fctt, 
28tb August, 


I-eh. 

ll,S03fcet, 
^19th Sfptemhtr, 


Srinagar, 
0th Oelober. 


Slarrsf, 
2Itt Octobff. 





Sourly Observations of Eimidity in Ydrkand, Tibet, and Kashmir. 


Karghaiik, 
4,430 Uet, 
4th August, 


sanju, 
<1.470 tcft, 

I2th August. 


Kichik YflUaV., 
II.S50 fed, 

loth Augnat. 


Gnlgan 5. Jlwnr, 
32^50 feet, 
28tu August, 


Lcb, 

31,603 feet, 
16th September. 


Srinagar, 
CtU October. 


Jfurrcc, 
Slat October. 


Midnight 

1 

2 

3 

4 

5 

e 

7 

S 

0 

10 

11 

Xooii 

13 

14 

15 

16 
17 
13 
19 
£0 

21 

*>i> 

sii 

-Midiitcht 




OTlSi:i:VATIOKK in itotkkn ttult 




llKSIJI/rS or OBSKUVATJOXS nKCOKDED ox 
K ASH OH All AND MUIIRKE IN THE TUNJAIJ, 


Tin: MARCH bi:tv;j:i:x yahkaxh jn 

Ijy DR. J, SCULLY AXD ASSISTANTS. 


X^. l^.—^yVic i7t l/racieft arr f/iof-r ({(ferrtijir/l Cy Gtpftiin Trc^i^r, /L I'. 
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of OhscrvaHons recorded on ihe march lefwccn Tdrhand in Kashghar and Mttrree in the Pvnjahj 
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Boiling-point Observations. 


It lias Tjeeii mentioned at xiage 213 that on the journey from Leh to Kashghar, a large 
number of boiling-point readings u*ere made simultaneously with those of a compared 
mercurial bai-ometer. They have not been utilised for determining elevations, inasmuch 
as they indicate only indirectly, and with much inferior accuracy, that which is shown 
dh’ectly and with great accuracy by the barometer. But it will be not without interest, 
to compare the pressures computed from the bohing-points with the barometric readings. 
The pressures have been computed in the following mann er : — A table of the elastic 
pressmes of water-vapour for each tenth of a degree between 180° and 205° Eahr. was 
computed for the sea-level in Lat. 36° by applying a gravity correction to the values of 
Tables I and III in Dixon’s Treatise on Heat, the corrections being obtained by tbe same 
formula as that employed by Dr. Dixon; and a further correction for the altitude of each 
station vras then applied to the tabular vapom* tension of each individual reading. Tlie 
results are given in the following table, wliich show’s the elevations of the stations, the 
ohseiwed boiling-points, the computed and observed pressiues, and the difference or 
error of the computed pressure. 
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Comparaliri; 'Talk of olseneil pressure^ and prcmires compitfeil from hoiling-jmnls—coxxthxiki,. 
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LX. — The irimU of ICnrrachcc, bf/ Pnnn. Chambf.iik, Ecq., Lrefeorohrjiatl Licport^- 

for ireslcrn huVta. 


'J'hc oljccrvafions wliicli form flio principal subject of the following (liscu‘;':inii werx' 
fnrnisbcfl by n Kobijison-Bcckloy nncmognipb, Avljich has been at work for f-evcr.i! 
years at Kurraohee, under the supervision of "W. IT. Price, 3i!s(}., M.i.c.i;., Snj>erintend- 
cut of the 3Ciiri*acdicc Hnrbotir "Works. The instrument was constructed by Adie of 
London, and was procured from England for the purpose of investigntijii: tlie inOuenee 
of tbc wind on tlie tides at ICurraclice. A suitable site was chosen on n narrow sjdt of 
land, which separates flic liarbour from the open sea and terminates in ^rmiora Point. 
On this site, a small cylindrical tower, about G feet bii^b and G feet in diameter, sur- 
mounted by a dome, was erected specially for tbc ancmo[:ra])b, the cups of which an* 
15‘G5 feet above the ground. The only objects which very sensibly overtop the in- 
strument arc, the churcli to the cast-south-cast, and the light-house to the south-east, 
both of which have angular elevations, as seen from the anemograph, of less than 2’, at 
distances of 1,810 and 3, ‘120 feet respectively. The instrument itself is, genenilly speak- 
ing, of the same size and pattern as those in use at the Government ^Ictcorological 
Oljsorvatoncs in the British Isles, a full description of which is to he found in the Bejiort 
of the lletcorological Commitlcc of the Royal Society for the year 1SG7. Tlie Kurra- 
chec instrument was, however, unprovided with the usual small accessories to facilitate 
aecuiatc adjustment for time and direction, and consequently in both tluse particulars 
its indications have been somewhat rough. ^Moreover, the wind-mill vaucs were found 
on trial to bo wanting in responsiveness to variations in tlie direction of light winds, and 
a large arrow-shaped vane of the onlinary description was therefore substituted. This 
seems to have worked well, and to have been remarkably free from any tendency to 
oscillate cxhavagantly during high winds. 

The observations used are those furnished by the aneinograms for the three years 
1S73, 1S7‘J', and 1875, which have been kindly })laced at my disposal for discussion by 
!M'r. Price, who lias ali'cady published the observations in considerable detail in tlie 
Sind Official Gazelle^ in a form difTercnt from that herein adopted. The velocity 
tmee has been read to tbe nearest mile, and tabulated at half-past each hour, so 
that the hourly velocities recorded arc those ohsciwcd from half an hour before to half 
an hour after, each full hour. In tabulating the direction of the uind, the eirefo 
has been dmded into sixteen parts, and tlie directions recorded arc tho=o iudicatc<l by 
the instrument during the hourly intervals corresponding to those of the recorded 
velocities. A glass plafc, on whicli Imif-hoiir lines had been etched at equidistant 
intervals, was used for this purpose, the hour lines of the nncmograin forms being dis- 
regarded. as it was found that they avcvc not in every case equidistant. TIic instntnnmt 
was arranged to produce a continuous record on the same paper for forty-eight hours, 
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and tlie papers ■n'cro clianged every alternate day, about noon. Until the 25tli Jane 
1873, it -R^as tbe practice to reset tbe velocity pencil to zero, and tlie direction pencil 
to north, after pointing the vane to a fixed reference mark in tliat direction. The 
time occupied by this process, and the troublesomeness of the means of adjustment, 
nsnaliy caused a sensible portion of the trace to be lost. In these cases, the lost portion 
has been interpolated by continuing omvard tbe traces of one paper, and backward those 
of the other ; hnt whenever from stoppage of the clock or other causes, the traces have been 
lost for several hours, the remaining incomplete portions for that day have been rejected. 
ITo attempt has been made to correct for friction. 

The tabulated velocity and direction observations of each hourly intcnml have been 
resolved into tbeir equivalent north and east components , and daily, monthly, half-yearly, 
and yearly averages of these have been calculated for each year. The results are con- 
tained in tables I to Yl. Table VII gives for each horn' of the day, and for the whole 
day, the monthly, half-yearly, and yearly averages for the three years combined ; and 
table VIII gives the corresponding hourly inequaliUes. The liomdy numbers of tables? 
VII and nil are graphically represented by figures 1 to 16 ; in snch a manner, that 
imaginary straight lines, drawn from the zero points' of each figure to the hour points 
of the same figure, will show, by their direction, the resultant direction from wliich the 
unnd blows ; and, by then.' length, the resultant velocity of the wind (in miles per hour) 
at each particnlar hour. The figures show, at a glauce, the manner in which the wind in 
each month varies from hour to horu’j in other words, they show the dhirnal variations 
of the wind in each month of the year. The straight lines, drawn from the zero points 
to the middle points® of each figm'e, similarly represent the resultant winds of each 
month, and imaginary straight lines, drawn from each of these middle points to the 
respective hour points of the figure in which it is placed, indicate the hourly inequalities 
of the wind in each month. Figure 76 shows, in a similar manner, how the winds vary 
from month to month ; or, in other words, it represents the annual variation of the wind ; 
the same units of length and time (mile and hour) being stHl retained. The straight 
lino drawn from the zero point (enclosed in a small circle) to the middle point of the 
figure represents the resultant wind of the whole year. The diurnal inequalities of the 
north and east components separately, are also represented by figures 16 to 45. These 
figures show the respective variations with regard to time, more distinctly than figm*es 
1 to 15, and lead to the detection of important feateres which are apt to be overlooked 
in the latter curves. Table IX contains, for each horn’ of the day and the whole day 
the mean velocity of the wind (in miles per hour and regardless of direction) in each 
month, each half-year, and in the whole year, these results being the averages obtained 
by combination of the observations of the three years. Figures 46 to 60 graphically 
represent these numbers. 

A-vnual Mesnltant ajid jd.nnual Variation of the tcind. — These are represented by 
figxire 76, ivom wliich it will he seen that the variations of the wind from montli to 
month, at Xurrachee, are of a simifie character. In December the wind blows from 
X23'D. with a velocity of 5 miles per hour. From December onward, its duectiou 
giudually passes througb north round by w^est, to S60°\F. in the month of July; 

^ The points EurronndDd Jjj email circles, thus ©. 

' The points enclosed hy dots, thus ^ 
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wlion iis voloi.’it}' is 22 miles per hour. It then crrrsfluolly return*; thnui'„*h v,» - t .ntvl 
north to the dircetion TJie nnnnnl resiilinn* wind hns n velwitv of 12 

miles per Iioiir from S72'\\. The resultnnt wind of nny month i=; sneli flint it 
mriy ho regnrtled as ^ipproximately compo'^cl of the annual nsulfant, n wind 
from or S.M'IV, having a velociti* roughly proportional to the moan 

declination of the sun in that month; the monthly inerjnnliiies heine from north- 
eastward when the sun has south declination, and'fmm sou th-wo-;t ward when the 
sun has nortli declination; thus sliowhig, unmistahahly, a vera- dc'cided connndion 
hehveen the position of the sun and the wands that Mow at ICurraehro; — .a conneeflon 
which, when explained, leaves only a few minor details of the annual variation to he 
flcnlfc w'ith. Among tliesc, may he mentioned the slight deflcotion of tin* wind to tin* 
south-eastward in the month of duly, ns compared with the prceeding and following 
months. In the annual variation ^Yind curve of llomhay, there is, in the first half of 
Juno, a similar hut ihucli more strongly marked dcnection to the sontli-enstwanl. whifdi 
immediately i)reccdcs the commencement of the strong soiith-ivest monsoon rnrmnt. 
'Whether the deflection, pointed out as existing at luirrachec, hears any analogy to the 
similar movement at Bombay, or whether it is merely an iiTcgnlarhy -wliich would dis. 
appear hy the comhination of a longer series of ohsorvatioiLs, cannot at present he 
determined. Another peculiar feature of ilie annual variation curve, having an important 
hearing on theoretical speculations ns to the causes of the Indian monsoons, i*;, that 
tlic ^Ymds of i\rareh change into those of April, ^lay, and June by the successive 
accessions of ivipd froni the direction S13'W., and the wind of August into lliat 
of Septemhor hy an inercment exactly in the oppo.sitc direction, while the wands of 
Seplcmhcr change into those of October, November, and Dcccmhor, hy successive 
increments of wind from a direction more easterly, from about NGO'jG., and those 
of Bcccmhcr into those of January, February, and !March hy successive increments 
in nearly the opposite direction, viz,, SGSMY. The curve has thus a hroken- 
hacked appearance at the points for liEarch and September ; the axa’s of the figure 
lying in the direction SJGMV. to in the summer months, and in the 

dh’cction SG2°W. to NG2'E. in the winter months. At 33orahay also, as at Xnr- 
I'achcc, when the summer monsoon wind begins to slacken, a similar change of direc- 
tion is apparent; the annual variation curve showing at first a progression in the 
dii’Gction No2'’E., and afterwards in a direction more easterly, viz,, about NCr/E. 
It is not impossible that (even at the same station, and regardless of dcflcciioiis 
that may ho produced hy those local influences which iiairc a limited sphere of action), 
the direction of variation of the great convection currents •which constitute the mon- 
Boons is different in successive months; although the curve appears to indicate that 
during several months in each haK-ycar that direction is invariable. It will presently 
appear, however, that the peculiarities rcfen'cd to, as ■well as some others, are really 
due to influences which have a more limited sphere of action than those which produce 
the monsoons. If lines he di-awn upon a map in the direction of the yearly resultant 
winds at. Kurmchco and Bombay, so as to pass through those stations, and other lines 
in the directions of the annual varintion of the wind het ween the .summer and winter 
half-years at each of those places, it will he found tiiat the former lines are directed 
more towanls the middle of the Indian Peninsula than the latter lineS; which have 
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decidedly a more nortlierly tendency. This fact appears to indicate tliat the yearly 
resultant ’yvinds are more directly dependent on local circumstances than the annual 
variation^ and suggests that a clear comprehension of the character and causes of the 
monsoons irould he greatly facilitated hy a separation of the monthly resultant winds 
•into their equivalent components, the annual resultant and monthly inequalities; and 
hy a separate examination of the variations of each of these components with geogin- 
phical position. The annual resultant wind at Kurrachee may perhaps he regaixlod as 
forming part of a permanent convection current blowing towards the southern portion 
of the Bajputana desert, and may he attributed to the average excess of the tempera- 
ture of that region over that of the northern portion of the Arabian Sea. But the 
annual variation of the ndnd appears mainly to belong to the grander system of alter- 
nating convection currents, which blow from the Indian Ocean to Southern Asia in 
the summer, and in the contrary dnection in the -winter. That it is not, however, 
wholly of this character is apparent from the peculiarities that have been pointed out, 
and tins will be rendered still more evident by the comparison which -udll presently be 
made of the annual variation of the wind with that of the barometer’. "We may expect, 
too, if the annual resultant rvind can he regarded as belonging to a convection current 
of comparatively local origin, that it will have an annual .variation of its onm, depending, 
in form, on local variations of temperature, and modifying that which is due to more 
general causes. 

There is, as might he expected, a close connection between the annual variations 
of the wind and barometric pressure, as will be seen from figm’es 77, 78, and 79, 
the first of which represents the barometric variation, as given in table XXT, tlie 
second that of the north components of the wind, and the tliird that of the east 
components. In each case the curve is one having a single maximum and a single mini- 
mum and approximating to a curve of sines, with the maximum in December and the 
minimum in or about July, Each Curve also shows a comparatively slow fall and rapid 
lise. 

It has already been pointed out that the annual variation of the wind largely de- 
pends on the decimation of the sun ; hut figure 77 shows that the annual variation of the 
barometer is stiU more intimately dependent thereon. The closeness of this relation is 
best seen hy the aid of Bessel’s formula. When put into this form, the annual varia- 
tions of the barometric pressure, north and east components of the wind, arc respectively 
expressed by — 

A B=:‘133 sin { 99“ 32'} -i-*017 sin (204-249“ 26') 

-f'OlOsin (30 + 173“ 32') +'01 Osin (40 + 346“ 4S')+&c. 

AN=3-56Bin( 0 + 102“ 29') + 0-40 sin (20 + 165“ 37’) 

+ 0‘38sin (30 + 100“ 43') +0*24 sin (40 + 260“ S') +&c, 

A E=5-20 sin ( 0+111“ 56') +1'31 sin (20+152“ 39') 

+ 0*09 sin (30+ 12“ 32') +0'31.sin (40+ 3“ 41') +&c. 

in which the monthly inequalities of the several phenomena are assumed to correspond 
to equidistant intervals of time, and the angle 0 is reckoned from the middle of January, 
at the rate of 30 degrees per month. IVom the first of these expressions, it appears tliai 
the co-efficient of the fii’st periodical term is the only one of importance, being from eight 
to thii’teen times as large as the co-efficients of the subsequent periodical terms, Simi- 
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larly llin first co-efiiriont in iho srcond cxpjv^'dnn is nt !»ri't nine Itn 5 ''"s n*' nny 

of tlio ^ucemliii" oik's; nml in tlie third expression Jt four f inn's L^reni. Th' pu» 
fioiiK of tijo Ynrmtions oxjjressod hy tlie fir^t tonus of tliese expressions, fonn t5rn. hy 
’ fnr the most imjmrlant parts of ttjc ’ivhole x*arintions, and we should be ju^jifu'd in :it*ri- 
hutinp: these portions direetiy to tl»o effects of the sun's vnryini: deeliintson, ]irov).h-d 
the epocdis of tlieir similnr pluK^es (ns indieaUMl hy the coii'it'int nni^h's within the hmehr!*;) 
were also in aeconlancc therewith : hut when wc come to examine these featun*- of tho 
phenomena, wc arc met hy the following anomalous n.'suU, n'r., the maximum phn^-' of 
the havometric variation occurs on the Oth January, that of the nortli eoinponent of ilu' 
^Y^nci on the dth January, two days earlier^ and that of the cast component on the f!tth 
Becemher, or no less than thirteen days earlier than tliat of the harometrie jiresmre. Thiw» 
nUliough th (5 phases of the harometrie movement are in accordance witli what might !v‘ 
expected, occurring, as they do, nhout sixteen days after the corresponding phn‘=es of llu' 
still’s declination, yet those of the wind, occurring before those of the barometer, appear 
• to indicate tliat tlic winds occupy, as a link in the chain of causation, an intermefiiato 
position, and that they arc consequently not the result, but the cause of the harometrie 
variations. But such a conclusion, especially with reference to the great convection cur. 
rents of the atmosphere, is so much at iTiriance with received views on the natun* of 
com’cetion cnri'cnts gcncmlly, as to throw gr;ive doubt upon the propriety of drawing 
any except the most guarded conclusions fixmi the co-cnicionts derived hy the applica- 
tion of Bessel’s formula to complex meteorological variations ; and it si'cms far more 
probable that the anomalous results, pointed out, arise from the disturbing irLflucncc of 
local winds, which have wo 2 yroportio}ia{e counterpart in the annual variation of ])rc5'‘Urf. 
To gain a clue to the nature of this disturbing influence, the following method has hi'cn 
adopted : — 

Bepresenting hy B„, B„ B,., E„ the winter and summer means of the 

liaromctrie pressure, north and cast components of tlio wind respectively, the ratios 

have been taken, and the monthly harometrie inequalities 

1> *" B B “B 

have then been mnltipHod hy each of these ratios; the resulting variations have Ihonhrni 
siihti*actod from the observed variations of tlic north and cast components and the two 
series of diiYercnccs given below obtained : 

TABLE X. 

JiMtal auuml rarhidmi cf ih- Ki^rlh end Ce::tpn.-rM of (hr IVhd h'rrre^’-. 



Jjanarr. 

1 


Jlarch. 

i ! 1 , 

1 April. ! Xsj. Jo-.f. 

1 ' 1 . 

Jc’y. J \ 

t \ 

1 1 

i 

( 1 

North components i 

Ef;t ccmi>onent5 ... \ 

+M 1 

•fO-P 

— “-'I 

-fOG 

-0 a , 

1 

|-ra 

j— O-G : 

I'll 

— i-a |— 01 j-t-i-i 

— .5*2 f— 1-0 ! +2-G 

1 1 
i 

, 1 

-f 05 1 -*01» 1 

-f-lv' { — 0-7 

1 I 

; 1 ! i 

1 -f.1-2 — *>S j —os . 

1 : 1 

1 0-0 -t-oa 1 -i-j a .i-a a 


JLI IS Clear tJKti' iL f 4*4 ***v**jr** ^ ^ 

similar to dial ot die liaromefric pressure, dicse resulting difference: would all have lie- 
mmo zero, and that the values ohlained show the extent ot the deration of the former 
laws frem the latter, rimire.s S2 and S3 represent these deviations for the nortii and 
east components respcetivclv. In hoth cases it will he seen that there is a minimum in 

Ilareh or April, and a maximum in December, the former occun-ing at the tunc v,Iu.u 
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tlie excess of the temperature of the land oyer that of the sea is greatest^ the latter Trhen 
the temperature of the interior is relatirely coldest. There is also eyidence of another 
- mn yiirmm during the summer monsoon months, when the cooling influence of the clouds 
and rain is greatest, followed by another minimum wliich probably corresponds in time 
with the rise of temperature generally experienced in India immediately after the cessa. 
tion of the summer rains. The validity of these remarks is shown by the folioinng 
numbers and by figure 84 which exhibits the yariation obtained by treating the monthly 
differences of temperature at Kurrachee and Hyderabad in the manner already described, 
using the Kurrachee barometric inequalities. 


TABLE XI. 


monthly excess of Tonperahtre at KnrracJiee alove that at U^derahad?- 


January, j 

Febrnary. 

March 1 

April. 

May. 

Jane. 

July. 

' August* 

1 

September. 

1 October, 

1 

November. 

Deeccib et. 

1 

1 

—1-4 


1 

—70 

— G‘7 

—8-5 

—6-5 

—5-3 

—6-6 

1 

i 

1 

1 

—4-4 

1 

! 

—5*5 

1 

—1*2 

■fO'3 


TABLE XII. 

Sesidital animal variation of Temperature {Kurrachee minus Hyderalad'), 




March. 

i April. 

May, 

1 

Jane, 

July. 

August. 

September, 

: October. 

1 

JToTtnibcr* 

December, 

+1*1 

—06 


■ 

■ 

+ 1-0 

- f 2*6 

-o-x 

+1*4 

1 

1 

1 

—1*4 

+1*6 ! 

+2*6 


It thus appears that the annual wind variation at Kurrachee is divisible into two 
portions, the first and most important being a variation along a line in the direction 
K57°E, having a range of about 2*7 miles, and foUowiug the barometric law; the 
second, a variation along a line in the direction N72°E,' having a range of 9 miles, 
and following an annual law of progression similar to that which obtains in the differ- 
ences of temperature between, the coast and the interior. In obtaining these varia- 
tions, the first has been supposed to vary along a line having a fixed direction, rir., 


NOT = tan-.(^); 


and the second is seen, from the general similarity of the two 


figures 82 and 8S, or by plotting the corresponding numbers in rectangular co-ordinates, to 


vary with moderate steadiness along a line in the direction K72'’ E tan" ^ 2^(Ay.A:E) 

^ ^ S(AN)i(AL^ 

in which AK and AE represent the monthly inequalities of the residual variations of 
the north and east components respeorively.-* 

It now becomes a question of interest to enquire whether similar results are obtain- 
able &om tbe coiTesponding data of other stations in India; for, if so, we shall then he in 
a position to draw somewhat extensive inferences as to the comparative efficiency of the 
looal as distinguished from the more general causes which produce the Indian monsoons, 


* rac aWorology o£ the Bombay Presidency, Table 140, page 184. 
' ».r., osactly the direction of the annual resultant n-ind. 

’ Hc?c Meteorology of the Bombay Presidency.^page 114, 
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’I hc following tnblcs contain similar tlala foi* the stations Boinbnv and Calc\nia :■ 

TAIIU; A' I IT. 

AHiiV.a! r.in^fr^un nf //;* C')r*y> >:,'>• o/* ll'i'.'.d ct 

fVrLocm' IS y.u.Y^ rr.i: jiori:.) 


r> ► ** 
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Vfl r,:^*7. 1 >Tar/C, 

1 



« 


Arril. 

?3jty. * Jar"* 

jG<y. 1 

-PC -8 

! -Pi-L* 

-i-21 

; 

— —on 

i 

C.r ! 

— 8 o { 

+ i-a 

i 

+a2 1 +0 0 

— 0-i 

1 




f-’i \ 4-a-2 ] +3-:» 
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TABLK XIV. 

Anmrat vath finite of (ho Coinj/vtotif^^ tf (ho V'ind {i( C-ii<':di>i. 
(Vri-ociTY IK itiLFs ri:i: Jiori:.) 


! 

Janniry. 

rcVmirr, 

* 1 

1 y arcli. 1 

1 

Arril. 

[ 

31 «r. 

_ , 

Jetf. 

Jc!f. 

i 

AUjT^iX. , 

1 

!, 1 

! ' 

1 

j 

.. _ . . „ ^ 

X'ovtii ooniponontR | 

1 

+2-0S 

+ 1-58 

1 1 
— i-no i 

1 

— 115 

—0-50 

—215 

—1-10 

+eoo 1 

1 -+»-21 

+2 70 

Ki^l coiiniouunt*! ... 1 

1 

— 0‘ia 

— oso 

1 

1— P5J 

1 j 

— O-Ofi 

— ITioj 

+osn 

+1*11 

+ P74 

1 

i : 

I +0-80 

[ 


-rsroj -fnt’s j -fn-ia 


l\‘rronning ujion those imnihcrs the operations already descrilK’d, the folIov.'ing 
residual Avind variations result, after the elimination, in each case, of ihc portion Avliicli 
follows the hai’omctric law of A'ariation at Bombay’ and Calcutta* respectively, 

TAIJLI: XV. 

Jic^iducil anmurf rnriofions of (he JHad Coi'tjKVionf-^ af 



January. 

1 

Ig 

EB9B0 

31 a r. 

1 J«f. 1 

Jut. 

1 

IH 

9B8 

] 

O TcVr. ■ 

1 

|9H|||||||H 

X'orth cfimi'oncnfj* 

— onn 

1 

j +0-C1 

j+l-fa>;+2'0S 

j 

+ 1-0J 

, ! 
!— P72! 

1—0*87 

1 t 

— o-co 

I f 

— f>-r>0 1 
! 

1 

+1-13 

—PI 5 i —2- 

a>injiononl‘;.« 

— l'P5 1 

1 

i 

j — 2-on 

|— P00|-pD25 

+ 1-21 

j 

' 1 

'+4-C7i 

r 1 

2-78 

1 

j — ns2 

j .pO-t}5 1 

1 1 

-!-n-72 

1 +2’75 > — ^ 

I _ : 


TABLE XVI. 

Ifosiduaf cnr,tui( x'^jriatious rf (ho Ifi'-id Csr-.p-zizords c( C.r/ri A'-J, 



Jar.natT. 

I’cVrcary. ! 

?!arrb, | 

X'orth ctmipoticnl-i 

—0 03 

— O-SG 1 

1 \ 

Ka-s^ fonij-konc-nts ... 

+S)T3 

— O--10 1 

\ a.*'-* 

1 — i o/.- 

1 } 


3!iT. I } 


1 

1 e A vt. ; 

I 

1 1 

[ +0-00 1 

j 

-i-2-li 1 

1 +0 05 j +o:o 

! -i-005 ) 

i +1'C»2 

1 +0-31 ; -H^r; 



• ' 


These A-nriaiions are cuiwod in ligurcs S5 and SO for Bombay, ancl for Calcutta ii? 
iiguros SS and S9 : and for comparison with them the tempemlurc dilTerenccs bet wef-ii 
Bombay^ and Sholapiir,^ Calcutta* and Goalpam/ ai‘e given below, along Avith the roidua! 

> JTtV AT.-;,vr,'!.-T «'f t*. ’ lA-rwir lV<;?rr -r. j--- i-', 

( 'll' jlrs:' 'r~-. A».l. L 1, j 'C'" 

- T7.-;V :if Svrvnr-y f f t\' .r Tr '‘t. r'j. 7*-’ r*\ j. c- I-.'. 

* iT.ir Ir.c^r.n ^’L^'N-erv’. V.-.I- pin 11. Ts*' • II,* r"" ITr, 

* I'l -'** A!i;c"" T''^y t’.* Pj 7.*.^, : - 1 :•*. j ISC. 

' n ff V.st IL T ITn 
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variations ol 3 taiued after treating the numbers as before, using the Bombay and Calcutta 
barometric variations respectively. These residual variations are curved in figures 87 
and 90 : — 


TABLE XVII. 

Meaft vtoniJil^ excess of TemperaHire at Bholapitv above ihai at Soinlay. 




j Jitarch. 

1 April, j 

j 

May. 

Jane. 

July. 

Aegust. 

Beptesfltier. 

October. 


Bccemtvr. 

+0'9 

! 

+3‘8 

+6‘4 

1 

+?-7 


— OT 

00 

4-0'9 

! 

+0-4 

—09 

1 

j 

-1-9 ! 

—40 


TABLE XVIII. 

Mean monthly excess of Temperature at Goalpara above that at Calcutta. 


Janoary. 

Fehruary, j 

1 

March. 

April. 

May. 

June. 

July, j 

j 

August, 1 

September, 

October. 

Xorcrabflr. ! 

Dfccmber, 

—4-9 

— 3-3 

—6-9 

~7‘4 

—7-9 1 

1 

1 

—5-2 

—2-4 

1 

1 

—1-6 

—2-7 

j 

—2-7 

-3-7 

~3‘1 


TABLE XIX. 

Residual annual variation of Temperature differences {Sholapnr minus JBombay), 


January. 

1 

Fobmary, 

, Slareb. 

1 

1 

April, 

May. 

Juite. 

July. 

August. 

September, 

October. 

November. 

Deeembcr. 

j 

+0'G 

1 

+3-2 

+5'5 

+6-2 ! 

+2-5 ! 

1 

—2-9 

— 2'8 

— 1-3 

•-I-3 

! 

~2'1 

r * 

— 2-6 

— 4-3 


TABLE XX. 

Residual annual variation of Temperature differences [Goalpara minus Calcutta), 


January, 

February. 

March. 

April. 

May, 

Jane. 

July. 

August. 

September. 

October. 

November. 

December, 

0*0 1 

1 

— 0'9 i 

1 

—2*4 

1 

-2-9 

1 

—3-4 

— 0'6 j 

i 

+2-2 

+3-0 

-M'S 

+1-7 

+07 

+1*3 

1 


rvom &s^e 85 ,>-e see that the residtial yamfion of the north components of the 

ti e. ew Knmchee (figure 82), reyersed in character, 

towaifis or tom Ihil the! ^rinLTa*^he"^ relrtiyely ^-eat temperature distance, 

to the northward of Knrrachce the ofhe *^“5 

exact similnvHv ^ r -a ' southward of Bombay. The almost 

toiuperatiu’e differencpsT t latter of which is derived from tlve 

form oJ the residual east compler noteworthy. The 

different fi-om that at Wacte fio-m-e JT f I’oi' eTcr, ycij 

which operate upon the east comnonc f ’ local distuibing influences 

1 nts of the wind at Bombay are not the same as a1 
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Iuirrat;hc4> ; or, wliaf ifj moro jirobnWf\ flint llirr*? arf* other of I>v*nl ilWarlsnntv 

nt Bomliay, wliieli do iinl oitenitc nt Kurmcheo, Thci'C? are probably to bcfouod in tbj* 
violent Frjimlls of wind from tlio <vt?itwnrd which ot^cur very fo'cpifutly nt Itomlvay nt 
the commencement and end of the monsoon, rir., in June and Oeiol^r; the month*; 
in which figure SO shows very deeidwl maxima. These sqnnU«, cominc: fnnnthc hilb; 
to the eastward, appear to Ixi local disturbances of exactly the sanu* hind as the slonns 
in Bengal described by 3Ir. BUol in Vol. T of these memoirs, pages 110 to 1 |o. 

At Calentia tbe form of the msidnal variations of tlie north and cast romjvonenfs, 
figures 8S and 80, is difTercnt. The curves have hut one minimnm and one rnaxitmim, 
(lie former occurring about April, and the latter, not in December, ns at Kttrraehce, bm 
about the middle of the summer monsoon. They arc, however, similar to each other, 
and also similar to figure 00, whicli has been obtained from the dilTcrcncc.s of tcinpeni* 
turc between Calcutta and Goalpara. 

Prom those results wc mav infer that the annual variation of the wind at Bomhnv 
is considerably infiuonced by local differences of temperature, and that the annual varia- 
tion of the wind at Calcutta, like that at Kiirmcheo, is dirisihle into two portions ; the 
first being a variation along a lino in the direction Isl2"TV having a range of six 
miles, and depending on the annual variation of the barometric pressure; the second 
a variation, also witli a range of si.v miles, along a line in the direction and 

depending on local differences of tcinperature. I do not, of course, ns‘.or{ that the 
particular residual variations of wind and of temperature differences that have hcmi 
worked out, are the necessary counterjiarts of each other, hut merely that (here U 
some definite connection between these phenomena, the tnie character of which can 
only he discovered by an extensive comparison of the similar data of numerous stations, 
Kor do I overlook the fact that the temperature ditfercnces between Calcutta and Goal- 
pnra arc such as favour, in accordance with the convection theory, winds in din'ctions 
the reverse of those indicated ; but tlic inference to he drawn from this is, that, in the 
hot moiitlis, a region of relatively high temperature occupies a position between the 
two stations; and if so, the residual wind variations at Goalpara would he reversed in 
direction as compared with those at Calcutta- The monthly cliaris accompanying the 
Beport on the ^ilctcorology of India in 1875 seem to support these news. 

There must also, of course, be corresponding residual barometric variation*;, hut 
these, in comparison with the portion of the annual variation which follows the simple 
sine law, arc doubtless very small, though not theoretically unimportant. As an 
example, I take the following differences of pressure between Bombay and l^oonn from 
l^fi*. Charles Chambers’s work on the iJIctcorology of the Bombay Presidency, page 
Thev are the residual difierencos, found after allowing for difference of elevation, and 
eliminating the mean yearly ditfcrcuce of pressure : — 

TABLE x.\'l. 


Aunv-tf r^iritifton of (he of liaroncfnc Fra*^rc at IJjrzbty dove that at Po^na. 
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Eliminating from this variation the portion ^vhich follows the law of the 
annual barometric variation of the lower station, the following residual variation is 
obtained : — 


TABLE xsn. 

liesidnal annual variation of Jiaromctric Pressure {JBoinba^ tniniis l?oona'^. 


Jaoiiaiy, 

TtbmMy. 

M-web. 

April. 

May. 

Jane. 

July. 

August. 

September. 

Oetober, 



—•003 

4 -- 00 G 

-p -013 ; 

i 

+♦018 

+•025 

—•Oil 

P 

—•028 

—•009 

+•001 

i 

! —'001 

! 1 

—•009 

-•010 


It is graplucaUy represented by figure 91,. which will be seen to bear a close resem- 
blance in one or more particulars to several of the curves Nos. 82 to 90. To investigate 
this subject further is beyond the scope of the present memoir, but enough has already 
been advanced to prove the existence of several local systems of convection currents, 
superimposed upon the grand general system which constitutes the winter and summer 
monsoons. They are evidently most active in the hottest weather, and disappear on 
the setting in of the rains. The smallness o*f the barometric valuations which accom- 
pany them shows how limited is their sphere of action ; and consequently, they pro- 
bably play a very insignificant part in the production of rain. But the extent to 
which they mask the true character of the rain-hearing monsoon currents is very 
considerable ; as may he inferred from the following ranges, which' have been drawn out 
to show the comparative strength of the winds wliich are due to local circumstances, as 
distinguished from those wliich depend on more general causes : — 


TABLE xxni. 



KvnsicasT. 

Eojtbat. 

Caiccvia. 


N. 

1 

1 

E* j 

1 1 

Q. 

W. 

E. 

B 

1 

N. 

E. 

E 

Bange of residual variation, maximam-minimum = a ... 

3-8 

1 

10-1 

f • • 

5*2 

8-5 : 


60 

3-2 

4 44 

Eango of residual variatiou, April to July = h ... 

i 

2'4 

97 

90 

3-9 

3-0 

4-9 

1 

5'7 ; 

1-5 

6-9 

Eangc (December to July) of portion of annual variation 
nhich obejs the barometric law of varutiou = c ... 

14-7 

i 

22-2 

26-G 

13-7 

lo3 

20 5 ' 

Cl i 

1-3 

6-2 


2-58 

•455 

... 

'379 

'565 

... 

•983' 

2-4G2 

1 

- 

! 

... 

•372 

• • • 

1 

•239 

■ 

*•4 

1 '952 


The ranges in the first line of the above table are simply the differences between 
the maximum and minimum values of the respective residual variations. Those in 
the third line are the harometidc ranges of the several stations multiplied by the ratios 
used in calculating the residual wind variations. Erom these numbers we may infer 
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iliat absolutely, the local causes of wind are, (allowing for tlie excessive friction of tbe 
Calcutta wind instrument,) about equally efficient at tbe tlnee stations ; tbougb tbeir 
relative' efficiency, and consequently tbew effect in masking tbe true cbaracter of tbe 
monsoon ^vinds, is greatest at Calcutta and least at Kurracbee. Indeed, at Calcutta there 
appears to be as much wind produced by local as by general causes. 

Tbe resultant ranges above given, of those portions of tbe annual ndnd variations 
which obey the barometric law of annual variation, vis., 26-6, 20-5, and .6-2 at Kurrachee, 
Bombay, and Calcutta respectively, afford perhaps the best measure we possess of the 
activity of the true monsoon currents at the respective stations, and they show how 
insignificant the monsoon currents of Bengal are when compared with those of ’Western 
India. This is a point of some consequence in the formation of the theory of tbe 
monsoons, for it implies either that the summer monsoon winds in Bengal have 
approached much nearer to their final goal than those of Western Ibdia, or that their 
motion has ah’eady been checked by the obstruction which the Himalayas offer to 
their onward progress, or perhaps that both of these conclusions ate partially correct. 
Another probable inference from these facts appears to be, that the summer rain- 
fall of by far the greater portion of India is drawn from the Arabian Sea, rather than 
from the Bay of Bengal, a conclusion which shows the importance of a much more 
exhaustive development of the meteorology of that sea, than appears to have yet been 
attempted. 

The annual variation of the velocity of the wind (regardless of direction) is repre- 
sented by figure 81, and the temperatui’e variation,’ for comparison, by figure 80. There 
is similarity in the form of these two curves, hut a general connection of this simple 
kind, one in which the movement inereases with an increase of temperature, is 
far from being a physical necessity, as affecting either the annual or diurnal variations. 
Indeed, in Western Europe generally, and at such stations as Mauritius and Asceusion, 
in the heart of the south-east trade wind, the velocity of the wind appears to he less in 
the warm than in the cold months of the year ; and at Klurrachee and Bombay the 
velocity is often less about noon than for some hours before and. after that time. 

To form some idea of the comparative persistence of the character of the annual 
variation in different years, the coefficients of the first fom' periodical terms of Bessel’s 
formula have been calculated, from the monthly mean values of the north and east 
components for each year, in the manner already described. The results are given in the 
. foilo^ving table : — 
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• Copied from " Sleteorology of tbo Bombuy Presidency” pngo ISl. 

















I’rom tills table it 'will be seen tliat, for the north components, the values of the 
coefficients of the first periodical terms are remarkably steady in different years, the 
least value being S-f.? in 1874 and the greatest 3-77 in 1873. The corresponding angles 
indicate that the minimum phase of the first periodical term occurred in 1874 about 
tlie 27th of June, and in 1875 about the 10th of July, implying that, as compared 
Avith those of 1874, 'the north and south components of the monsoon Tvinds of 1875 
Avere delayed about thhteen days. The minimum phase of the same term for the cast 
components, on the contrary, occurred in each year AAdth remarkable regularity 
Arithin turn days of the 23rd June, and the magnitude of its coefficient in different years 
deviated less than -3 from its mean value 5*20. The coefficient IJ" of the second term 
for the east components, unlike that of the north components, has a considerable A^alue, 
being on tlie OA^erage one-fourth as large as the coefficient U^ The maximum phases of 
the second term occur, on the average, about the 14th June and 14th Peeember, hut 
there is a maximum difference of about eighteen days, in the time of their occurrence in 
the different years. The TJ"'" coefficients of both north and east components are hregiAlar 
in diffei’ent years, and the coiTesponding angles u^" indicate no uniformity in the epochs 
of similar phases, and therefore they probably represent no persistent i)art of the amiiial 
A'aiiation. It may he noticed, houmA'^er, that the V” coefficients, })oth of the nortli and 
east components, retain roughly the same magnitude in different years, and that the 
corresponding angles u"" do not differ much in the year 1873 and 1875, but that iu 1874 
they arc in the opposite semi-circle. This may possibly arise from the influence of a real 
AA'ind periodicity haAung a period someudiat greater or less than three months, and com- 
pared Avith a period of three months, losing or gaining a complete period in about tAAm 
years, that is, a period of about a hundred or of about eighty days. 

Comparison of the monthly abnormal variations of the Wind with those of baro- 
metric bressnre, 

<■ 

TABLE XSV. 


Mean nionthly Barometric Bressure at Knrraclice. 
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TABLE XXVI. 


imitf/tfj/ abiinrwttl Barometric Bressnre at Knrrachee, 
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TABLE XXI^II. 

■ i^Tcait monthly }\orlh Component^ of the IFind at Kurrachee. 
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TABLE XXVUL 

.7/V/7?? r.ionthi!! abnormal Korflt Components of the Wind at Knrrachcc. 
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TABLE XXIX. 

Mean monthjp East Components of (he Wind at Knrrachcc, 
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TABLE XXX. 


Mean monildy abnormal East Components of the Wind at Knrrachcc. 
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To esaroine -wlietlier any relation exists between some of the abnormal or so-called 
non-periodic variations of the wind and barometric pressure, the following procedure lias 
been adopted. 3?rom the individual mean monthly values of each of the three elements, 
barometric pressure, north aiid east components of the wind for the years 1873 to 1875, 
collected above, the annual variation has been approximately eliminated by subtracting 
the corresponding average values for the three years from the individual monthly values, 
thus leaving for each element the three series of thirty-six differences, also given in the 
above table. These differences may he taken to indicate fairly well the extent to which 
the values of each element deviated in each month from those of an ordinary season. 
The differences of each successive pair of these numbers were then taken for each element, 
giving a new series of thirty-five numbers, which, having regard to them proper algebrai- 
cal signs, showed the rise or fall, increase or decrease, of each ahnornial element from 
month to month. In the barometric scries the minus signs were then altered into plus 
signs, and the signs (whether plus or minus) of the corresponding numbers of the two 
wind series were also changed, leaving the signs of those numbers wliich coiTespond to 
the originally positive barometric numbers unaltered. The algebraic sum of each series 
was then taken giving the foffo'wing results — 


TABLE XXXI. 



Baromelnc Pressure. 

North CoEQponcnlg. 

East Components, 

Sums 

-f '816 

-I-20'2 

+ 29'6 


from which it appears that an ahnoi'mal rise of a tenth of an inch of the barometer is 
accompanied by an abnormal increase in tbe velocity of the north component of the wind 
of 2'5 miles per liour, and an abnormal inci'ease in the velocity of the east component 
of 3'G miles per hour, or, in other words, when the barometer rises abnormally a tenth 
of an inch, it is accompanied by an abnormal wind from the direction N. 65° E, having a 
velocity of 4*4 miles per houi*. 

In the next table a similar comparison of the barometric pressure and the wind in 
the summer and winter half-years is made. 


TABLE XXXIL 


1873 to IWB. 

Earomelrie Pressure. 

North Cotnponent 
o{ 

East Component 
of Wind. 

Means, April to September ... 

■ 

29*580 

—8-0 

— 17*9 

Means, October to March 

29-915 

+0 7 

— 4-6 

Eifforenccs ... 

•335 

+8-7 

+13-3 


Tlicso results show that a rise of the barometer from summer to 'winter of a tenth of 
an inch is accompanied by an increase in tlie velocity of the north component of the * 
w m o 2 6 i^es, and of the east component of 4*0 miles per horn*, or by an increase 
in^ he velocity of the wind of 4*7 miles per houi* from the dii*ection N. 67° E. Compar- 
lOo res t -with that obtained above firom the abnormal variations of the wind and 
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liaromctnc prossiiro, if will soon Hint they arc very nearly nlilce, Iwili <1tnwini; 
that an increai^c pf the wind vciocify of nearly tlic f^nino nnionni and from np^srly 
the Fame dircefion nccompanio^s the Fame chnntro in the hnrometric piv^'-ure. The 
conclusion to he drawn from the similarity of (hose results is olniou'!, rh,, that the 
caxi-scs wliich produce the ahnonual variations of the wind and harmnetne jiresstire niv 
the same as, or similar to, those whicdi ])roduoe the annual variations. 

Tvow, the aunual variations arc Iriiown to be primarily dependent ujvjn the iq-adiinllv 
varyinij amount of the solar heat radiated upon dilfeiTnl pads of the (*art]rs surface as 
the Run aumially changes his position in declination, and it is only on the supjHrdlion 
that the ahsoluto amount of heat radiated hy the sun in a given time is constant, 
that the annual variations of di derent years can he expected to he alike. If, however, 
the sun’s heat is ii.scif subject to fluctuations, either periodical or irregular, eom”^pond- 
ing meteorological ciToets, similar to tliosc which no' produced hy the sun’s change of 
position, must result. The relation above pointed out hetween the abnormal variations of 
the wind and barometric pressure at Ktirintdioe appears to ho one of the kiinl that would 
be anticipnled on the supposition of the sun’s heat being variable, and in itself atfords 
a reason for snspecliug, if it does not tend to prove, sneb variability. 

It should be cxi>laincd that the barometric observations used in the foregoing com- 
parison were made daily at 9-flO a.m, and fl-flO r.^r. with n mercurial moviiUain 
hiu'omctcr by IsowTunn, having a tube of narrow boro and a closed cistern, and that the 
vacuum of the instrument was far from j)crfoct. Prolonged comjtnrisons of the instru- 
ment (which was carefully left uudisturbod) trith a good barometer, were made from 
T'ebruary to June 187G at pressures ditfering widely, and from these it has been jy)ssil)le 
to determine corrections, which, when a}ij)licd, give results that comjiarc well with 
observations made at IJecsa and Ilomhay, and which, I believe, are worthy of confidenec. 


Diurnal Variaiions. 

33eforc proceeding to the study of the character of the diurnal variations of the 
mnd at Kuri'acbcc, and to their comparison with the variaiions of other plaeec, it is 
dcsimble to call to mind the scvcml causes which arc at work producing di\irnnl varia- 
tions of the wind, and also to consider what arc the forms of the variations tijat may 
bo expected fi'om general principles to result from the operation of those causes. Piivt, 
then, since all convection oiUTcnts arc due to differences of temperature, or mom 
strictly speaking to differences of density of contiguous columns of air, which dif- 
ferences arc cither directly or indirectly referable to the sim’s action, and since? ihc 
smi’s action on any portion of the earth’s surface is never constant, but variable in 
intensity at diffewnt hours of the day, and altogether shut off between sunset and 
sunrise, it is to bo expected that all the couv*xtion currents of the earth's ntmos- 
phero will be subject to correspoudiug diurnal variations of strength, and in sonic 
cases, even to a reversal of their direction. As to the fonns of these variation'^, they 
will doubtless be intimately connected with those of the diumal variniiori': of tern- 
perature. I pointed out, some years ngoj that the curve showing the diurnal variation of 
the velocity of the land-and-sea breezes at Bombay has iv^arly liit* same form as the 


V 



2C1 


THE TTINDS OF kURH'^CHEE. 


curve of the diurjiul variation of air temperatu^®# and it is prhahle that, generally, the 
form of the temperature variation is also approximately that of the land-ancl-sea-hrceze 
variation, when unaffected by other disturbing influences : if, indeed, it is not the common 
form of the variations of all pure convection currents which depend on temperature 
differences only ; for such a form, would be tlmt which these convection current varia- 
tions would necessarily tend to assume, if the friction which opposes the motion were 
proportional to the velocity, and this is the assumption usually made. If, however, the 
radiant heat of the sun is largely expended in the production of vapour, and only in 
a minor degree in heating the atmosphere, as is the case over the open ocean, the varia- 
tions of atmospheric density will depend to a c(?Rsiderahle extent on the rate of evapora- 
tion, and the law of the diurnal variation of the convection cui’rents may tlien be consi- 
derably modified. Sucli, at least, appears to be fbe case with the diurnal variation of the 
trade wind at Slauritius, and some of the dinrnal variations of the wrind during the 
summer monsoon in India, which variations, as will hereafter appear, follow’’ a law more 
nearly approximating to that of the diurnal variation of the solar radiation than to that of 
air temperature. We may, therefore, expect to fih<i at least as many different kinds of diur- 
nal wind variations as there are varieties of cou-i^ection cuiTents. These may he divided 
into tw'o great classes, general and local : the first comprising the diurnal variations of 
the trades and anti-trades, and aU convection currents that depend on the latitude ; the 
second, those of the monsoons, land-and-sea hi-eezes, and all convection cun’ents that are 
due to the relative distribution of land and water, the varying contour of the land, or 
differences in the character of contiguous portions of its surface ; wliether covered by snow 
and ice, thick forests, luxuriant or scanty herbage, or altogether devoid of vegetation. 

One of these latter cases, viz., that in whicjfi a portion of the surface is covered with 
snow and ice, ivhile a contiguous portion is free from it, seems to be worthy of special 
notice. In this case, the solar heat radiated upon the former portion will he chiefly 
expended in melting the snow and ice, while that w^hich falls upon the uncovered sm*- 
face will be spent in heating the soil and the air above it. Oonseciuently, convection 
currents should blow more strongly in the daytime than during the night, from the 
former region to the latter. 

But besides these various systems of convection currents, producing "winds which 
at the earth’s surface always blowy’ra?^ the coiPparatively cool region the place 
of relatively high temperature, there exist, as observation has now most distinctly proved, 
certain systems of diurnal wind variations of quite a different character, — winds which, 
in the relatively hot hours of the day, blow oiitioards from regions of relatively high 
temperature, from which, as from a centre, tbey appear to radiate towards the com- 
pai-atively cool regions around. These ontwaiA movements during the daytime appear 
to he succeeded by return inward movements during the night, accompanied by atmos- 
pheric oscillations, which vary in period wuth tbe extent of surface affected by them, 
and w'hich may, perhaps, rougldy be compared with the oscillatory movements of water 
in a hath, after the level lias been abruptly dist^^rbed, or to the seiches or non-tidal perio- 
dical oscillations, which have been observed in tbe Swiss lakes and certain portions of 
the sea. 

Ihese outward movements of air in the daytime from centres of relatively high 
temperature might appropriately he called anii-conveciion currents. Their causes are 
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nt prC'Cnt but imperfectly understood; index'd, the observational facts concerning tbeni 
arc ns yet. very meagre, and it is one of the objects of tin* present jenper to add to thU 
store of facts. So far as they go, liowcvcr, (bey appear to indi(Nitc that tbe<c. sy.Ntems 
of anti-conveetion currents, like the pure convection currents, may be divided into two 
great classes, gcnoKil and local. The first of tlK‘se classes I have already nttemptt^i 
to defitu! in a pajjcr on (be J:)iurnal ^'ariations of the *\Vind and Barometric Tivssun' 
at Bombay,” published in the “ Blulosopbical Transactions ’* for 1673, pages 1 to ,16. 
From a considemtion of the facts therein advanced, I deduced what 1 siip|K) 5 ed would 
-be the general form of this class of wind currents, and liave since bad the satisfaction 
to find those views well borne out by subsequent results.' Bxcejit for high lati- 
tudes, Ibis sy.stem of wind movements may be a])proximately (lescribed as follows ; — 
Imagine t bo .surface of the globe divided into quadiants by the nuTidiau lines of 1, 
10, 10, and 22 houi’s of cinl time, and that very gentle winds an? blowing ouiminh 
in all directions from the middle of that quadrant over which the sun is vertical, in- 
towards the middle of each of the two adjoining quadrants, and oaf iro;Y/s from 
the middle of the opjiositc qiuidmnt. Such a system of vinds, i*evolving daily about 
the earth with the sun, and acting independently and alone on the wiml vane, would 
cause it to luabe two rigbt-haiub^d rotations in the twenty-four boui*s in the northern 
hemisphere, and two left-handed rotations in the same time in the southern hemisphere. 
Or, if the north and cast components of these wind variations ho viewed sc'paiTitely, we 
.should find that the curve, showing the variation with time of the cast component, would 
he similar in character in both hemispheres, and also similar to the cun’o of diurnal 
variation of barometric pressure in hanng maximum values about 10 a.m, and r.?r., 
and minimum values about d A.^t. and r.M. On the other hand, the variation of the 
north component would he found to he oppo.'^itc in character in the two hcmis]diciY\‘i, 
having maximum values in the northern hemisphere about 7 A.^r. and r.M., and mini- 
mum values about 1 a.m. and r.M.; wliilc in the southern hemisphere the maximum 
values of the north component Avould occur at 1 -\.M. and r.M., and tlie minimum 
values about 7 a.ji. and r.M. It is this system of almosj)lionc movements, which, in 
all pmbability, produces the more salient features of the dinnial variation of the barr>- 
metric piTssiirc." ^fy raisons for tins new, as well as graphic representations of the 
wind variations described, n*ill be fonutl in the papers already quoted. 

Our kuondedge of the second or local class of diurnal wind movements from 
centres of relatively high tempci-ature is even more scanty than that of the more general 
sj'stem above described. Indeed, beyond the fact that, during the day hours, hot winds 
do blow outward from the middle of highly healed and extensive tracts of land sucji 
ns India, Anstmlia, North Africa, vkc., we know almost nothing. It does apjwar 
pix-»bahle, however, fi-om the evidence that will appear in the se<iucl, that these wind 
variations arc divisible into two subonlinate classes, which dei>end upon dilTercut actions 
of llie same cause, the solar radiation, and arc distinguishable by the forms of the 
cun'cs representing their 'S'arintions "vrith tune. The first of these sub'^rtlinale elas'C- 
is probably dependent, in the manner pointed out by Sir dobn Her>chell, ujwn tisp 
iueaualitv of the height to which the stmtn of equal density arc elov.ated, by the unequal 
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beafin" o£ different portions of the earth’s siu'face by solar radiation ; the second, in 
some manner not yet weU understood, upon differences in the rate of increase of tlic 

air temperatiu’c. 

If, then, all these varieties of (humal variations of the wind ai'e possible, it is to 
ho expected that the actual variation observed at any particular place, except under uii- 
usually favourable circumstances, will he of a very complex character ; for it wiU he tlio 
resultant variation produced by the combined action of all the individual vaiiations, each 
of which win tend to mask the true character of the others ; and the problem that lies 
before us is how to separate the resultant variation into its individual elemental com- 
ponent variations. The satisfactory accomplishment of this separation is a neccssaiy 
preliminary to the discovery of the causes wliich produce all the elemcntaiy varia- 
tions, and therefore to the possibility of any complete explanation being given of the 
complex observed variation. 

The method of separation, usually employed, is that afforded by the application of 
Bessel’s formula. By means of tliis process, the original complex variation is artificially 
divided into separate portions, each of which obeys the simple sine law of variation, hut 
differs from the rest in its period of variation, the first portion going through a complete 
cycle of changes once in twenty-fom* hours, the second the third three times, and 

so on. It does not of necessity follow, however, that each of these variations has any 
independent physical existence, and can therefore be ascribed to somie independent cause. 
Indeed, it is easy to see that these component vaiiations, although of simple form, may 
he due to a variety of causes, and therefore may still be regarded as complex variations. 
The coefficients of Bessel’s foimula are, however, often very suggestive, and I shall 
therefore first examine the diurnal variations from this point of view. 

The adoption of other simple methods of analysis, bearing as close an analogy as 
possible to those employed in experimental physical investigations, is, however, frequently 
advantageous. In the investigation of natural phenomena which are fit subjects for 
experimental enquiry, and in which the observed effects are due to a variety of conditions, 
the method of experiment usually adopted is to vary one of the conditions, and only one, 
at a time, keeping all the rest as nearly as possible constant, and to ohseiwe the change 
of effect produced by the variation of tliis one condition ; then to proceed to vary a second 
condition which is knoivn or suspected to affect the result, while the condition formerly 
varied and all the remaining conditions are kept constant ; then to note the resulting 
variations of effect, and so on. In -this manner, the separate effects due to the variation 
of each one of the conditions become known, and thus a knowledge is acquired of the 
causes of the complex effect, produced by the variation of many of the conditions at the 
same time. In meteorological enquiries the subjects of investigation are generally very 
complex phenomena which cannot he subjected to experimental variation ; but it is often 
possible, by a judicious selection of observations, to choose for comparison certain results, 
nhich vary chiejlij from the preponderating influence of the variation of hut one con- 
dition, n Idle the rest, though generally not altogether invariable, change so slightly as 
to produce hut a small effect on the result. The difference of effect observed under such 
cn’cnmstances, may, often with much assurance, be attributed mainly to the variation of 
t le one condition which is known to undergo considerable alteration. I shaU freely 
e p oj us method in the sequel, in analysing the complex variations into simpler com- 
ponent variations, wherever it may apparently be used 4th profit. 
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The following tables^ contain tlie calculated coefficients of Bessel’s formula: — 

TABLE XXXin. 

yort/i Components of the IFind in miles per hour. 


Mokths. 

U' ein. n'. 

TJ* cos. u'. 

U ’ sin, n". 

TJ" C03. u". 

U" ' Bin, n''*. 

P'" C03. U"'. 

TI’'V sin. U"". 

C"*' cos-n'"'. 

.Tanuiivy 


+T72 ' 

+5*27 

+001 

—1*30 

—0-07 

+0*79 

+0*09 

—004 

February 


+2*79 

+4-92 

— 0*47 

—1*19 

+0-22 

+0*72 

— 0*20 


JInrch - 

... 

+3-27 

+4-39 

—0-80 

—0-93 

+0-76 

+005 

—0*30 

+0*21 

April 

» 9M 

+312 

+4-22 

—0-59 

— 0o3 

+0-56 

■ —02*4 

—0*05 

+0*13 

May . ... 


+3'07 

+2'98 

— 0*54 

— 0*94 

— 0-06 

—0-23 

—0*06 

+0*22 

June 

... 

' +1-39 

+4-34 

+0-06 

—1-09 

+0-14 

—0*12 

+0*12 

+0*07 

July 

... 

+0-63 

+2-25 

+0-34 

—0-90 

-003 

—0*15 

+0*15 

—0*17 

August 

* ■ • 

+0-92 

+2'6.5 

+0-28 

—0-76 

+0*11 

—0*10 

+0*13 

+0*01 

September 

« * • 

+1*59 

ri-2-SG 

—0-43 

-0o7 

+0-02 

—0*15 

+0T3 

+0*11 

October . .. 


■^3'41 

+4'58 

-0-70 

—1-64 

+0*59 

—0*01 

—0*23 

+0*06 

November 

— 

+4-03 

+5-27 

—1*18 

—1*72 

+0*77 

+0*56 

—0*18 

—0*04 

December 

... 

+2-1G 

+4-60 

—0*26 

—1*42 

+0*24 

+0*61 

—0*03 

+0*04 

Year 

... 

+2-3o 

+ 4-03 

— 0*36 

— T08 

+0*27 

+0*14 

—0*04 

+0*06 


£ast Components of the JFvid in unties per hour. 


ilOJtTHS. 

P' ein, u'. 

P’ cos. a'. ' 

P"sin.a". 

V" cos. n' 

P"'6ia.u'" 

P'" cos. n,'". 

P"" sin. u"". 

P"" cos. n'"'. 

Jauuaiy 


—0*79 

+4*62 

+1*11 

— ri3 

—0*41 

+0*15 

+0’06 

+0*08 

February 


— 0'35 

+5*79 

+0,64 

— 1*52 

—0*24 

+0*22 

—0*03 

—0*13 

ilarch 

«*• 

+1*24 

+4*06 

—0*46 

— 1-49 

+0*11 

+0*32 

+0*09 

+0*04 

April 

«*« 

+1*20 

+3'S0 

—027 

—1*67 

+0*21 

-0*17 

+0*18 

’ — -0‘06 

May 

• • • 

+1*81 

+1*79 

—0*27 

— l-2o 

—0*31 

—022 

-0*23 

—00-3 

June ... 


+0*80 

+0*73 

—0*09 

—0*54 

— 0*05 

0*00 

+0*15 

+0*09 

July 


+0*59 

—0-38 

+0*23 

— 0*65 

■— 0*14 

—0*14 

0*00 

+0*08 

August 

• *• 

+0*45 

—0*30 

—0*18 

—0-66 

—0-48 

— 0’15 

+0*07 

+0*03 

September 


+1-99 

-0*11 

—0*95 

— O'CO 

—0*30 

+0*04 

+0*01 

+0*19 

October 

• •• 



—0*29 

—1*65 

—0*17 

—0*28 

-0*04 

+0*17 

November 

»• * 

+007 

+5'3l 

+0*81 

—1*92 

— 0*35 

—0*21 

+0*10 

+0*53 

December 

• *« 

—0*72 

+3*78 

+0*98 

—1*52 

—0*67 

o-co 

+0*13 

+0*19 

Year . 


+0*72 

+2*79 

+0*10 

— T22 

—0-23 

—0*04 

+0*05 

+0*10 


* In these taWcs and throughout this paper the correcting factors \« t ^ n J \ af , Ac., to the 1st, 2nd, 3rd, Sec., 

Sinfc) 

hannonical terms havd uot been applied; neither has the farther correcting factor 


irhich is applicable to each term 

■tat 


on the supposition that the wind directions are uniformly distributed throughout the arc under which they are classed. 

In these factors n is the number of intervals into which the full period of a day or a year is divided, and throughout 
which the mean values are taken ; and m is the number of parts into which the circle is divided in tabulating the wind 
directions. 
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TABLE XXXIV 

North Components of the Wind. 


JloJfins. 

U' 

' 1 

U" 

u- 

U”' 

U'" 

U"" 

0 " 

•lanuary 


6‘6o 

18° 6' 

1*30 

179° 34' 

0-79 

354° 56' 

o-io 

113' oS' 

February 


5-65 

29° 33' 

1-28 

20r 33' 

0-76 

16° 59' 

0-21 

289° 17' 

March 


6-48 

36° 41' 

1-23 

220° 42' 

0-76 

86° 14' 

0'37 

305° O' 

April 

• 4 * 

6-25 

35° 29' 

0-79 

229° 4' 

0-61 

113° 12’ 

0-14 

338° 58' 

May 

• «* 

4-28 

46° 61' 

1-08 

209° 53' 

0-24 

194° 37' 

0-23 

314° 45' 

June 

»«« 

4'56 

17° 4S' 

1-09 

176° 61' 

018 

130° 36' 

0-14 

69° 41' 

July 


2-34 

15° 38' 

0-96 

159° 18' 

0'J6 

191° 19' 

0 23 

138° 35' 

August 


2-80 

19° 8' 

0 81 

159° 47' 

0-16 

132° 17' 

013 

85° 3C 

September 


3'27 

29° 5' 

0-71 

217° 2' 

9‘16 

172° 24' 

0-17 

49° 40' 

October 

« » • 

6-71 

36° 40' 

1-78 

203° 7' 

0‘59 

91° 3’ 

0-21 

2Si° 9' 

November 

... 

6‘67 

37° 45' 

2-09 

214° 26’ 

0'95 

53° 58' 

0-19 

257° 28' 

December 

... 

6-08 

25° 9 

1-44 

190° 23' 

0-65 

21° 28' 

003 

323° 8' 

Year 


4-fi6 

30° 15' 

1-14 

198° 27' 

0-30 

62° 36' 

0-07 

■326° 18' 


Hast Components of the Wind. 


IToifins. 

U' 

o' 

D" 

a** 

U’" 

u* ' 

U"" 

u"" 

J.anuary 

... 

4-69 

350° 17' 

1*68 

135° 31' 

0'44 

290° 6' 

010 

30° 52' 

February ... 

... 

6-80 

366° 33' 

1*65 

167° 10' 

0-33 

312° 31' 

0'13 

167° 0’ 

March 

• l« 

4'25 

16° 59' 

1-56 

197° 9' 

0'34 

18° 68' 

0-10 

66° 4' 

April ... 

... 

3-51 

19° 59' 

1-69 

189° 11' 

0-27 

128° 69' 

0‘19 

108° 25' 

May 

... 

2-65 

45° 19' 

128 

192° 12' 

0'38 

234°, 38' 

0-23 

265° 2' 

June 

... 

1-08 

47° 37' 

0-6 

189° 28' 

0-05 

270° 0' 

018 

69° 3' 

July 

... 

0'70 

122° 47' 

0-69 

160° 31' 

0-14 

225° 0' 

008 

860° 0' 

August 

... 

0’54 

123° 41' 

0-68 

195° 15' 

0-50 

252° 39' 

008 

66° 48' 

September 

... 

1-99 

93° 10' 

1*!2 

237° 43' 

0-30 

277° 35' 

0-19 

3° i' 

October 

... 

6-39 

23° 61' 

1‘68 

189° 68' 

0-33 

211° 16' 

0-18 

' 346° 46' 

November 

... 

5-31 

0° 45' 

2-08 

157° 7' 

0-41 

2.39° 2' 

0-54 

10° 41' 

December 

... 

3-85 

349° 13' 

1-81 

147° 11' 

0-67 

270° 0' 

0-23 

34° 23' 

Year 

... 

2-88 

14° 28' 

1-20 

175° 14’ 

0-20 

260° 6' 

Oil 

26° 34' 


The monthly coefficients given in the above tables are graphically represented by 
figures 92 to 97,^ in which the cori’esponding values of TJ sin. u and T7 cos. u for each 
month are combined, positive values of TJ sin. u being marked off upward, and positive 
va ues of U cos. u to the right. An imaginary line drawn from the centre of any 

Pwswltr" constructed in the same manner as those given in Plate XXI of the “.Meteorology of the' Bombay 

tiyswencj, ’snth which they may be compared. 
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figure to any one of its montlily points, shows, by its length, the value of U for that 
month, and hy the angle wliich its direction makes with the upward line, the time at 
which the maximum phase of that particular component variation occurs, the time 
being reckoned from midnight at the rate of 16° per horn.' for TJ', 30° per hour for TJ'', 
45° per hour- for IT"', and so on. 

An inspection of these diagrams shows that each of the component variations 
changes very considerably during the year, both as regards amplitude and phase ; most 
of them presenting very decided annual and semi-annual variations of the values of 
. TJ and u. 

A small portion of the variation of the values of the u's, is of course due to the 
varying value of the equation of time ; but the greater part of the variations of the 
values of both TJ s, and u s from month to month, is evidently attributable more or less 
to local circumstances j such as variations in the strength of the land-and-sea hreezes, 
and the hot winds from the interior. The character of these disturbing influences wfll 
he best seen hereafter, hy the adoption of a different method of investigation. The 
variations from month to month of the coefficients of the first and second periodical 
terms of the formula for the north components are, on the whole, similar ; the values 
of TJ' and TJ" and of u' and u" increasing and decreasing simultaneously, thereby indi- 
cating that they are due to the variations of one and the same cause, and that, except 
artificially, they may not he regarded as independent variations, A similar remark 
is applicable, hut •with less force, in the case of the vacations of the corresponding 
coefficients of the formula for the east components. There is, however, one remarkable 
feature in the variation of the second periodical term for the east' components, which is 
specially worthy of notice, for it appears to indicate that at least a portion of this 
term is due to a different cause from that which produces the first periodical term. It is 
this ; that while the value of TJ' diminishes in J uly and August to less than one-fourth 
of its mean value for the year, and is earlier in phase by more than seven hours, the 
value of TJ" in the same months, is more than half its mean value for the year, and is 
almost identical in phase. This appears to imply that there is an independent residual 
semi-diurnal variation of the east component of the wind, having a range of about one 
and a half imles, and a maximum easterly value a little after 9 hours a.m. and e.m., 
and a minimum easterly or maximum westerly value a little after 3 hours a.m. and p.m., 
corresponding very closely in phase vith the second periodical term of the variation of 
the barometric pressure. That this is really the case, will be seen hereafter fi’om a 
different method of exhibiting the same results. 

The values of TJ"' for the north components are sensibly steady, and have a con- 
siderable magnitude from October to April, hut they are small from May to September. 
So long as they retain considerable values, they have a very systematic variation of 
phase, as shown by the corresponding values of u"'. 

There is a considerable degree of similarity, probably not altogether accidental, in 
the annual variation of the values of TJ'" cos. u"/ for the north components of the wind at 
Kurrachee and of the corresponding values for the barometric pressure at Bombay ‘ and 
Calcutta.’ These variations probably depend mainly on the varying length of the day. 

, ^ Vide values of "b, of Table 87 pf page 118 of tbo “Meteorology of the Bombay Presidency" and of XT'" cos. u'" of 

Tabic II, page 173, of Vol. 1 of “ Indian Meteorological Memoirs." ' 
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THE TTIKES OF HTJHllACnEE. 


The V"" and n"' coefficients of botti nortli and east comxionente of the mnd at 
Kiu-rachee are very smaU and u'regular, and the curves for these are therefore not given, 

'We niU now proceed to examine the diurnal variations of the wind as represented 
hy fi^'Ui'es 1 to 16. One of the most striking features is the general similarity of the 
elongated foian of the variation in the different months. In almost aU casesj the night 
houi’Sj viewed from the middle of each figurCj occupy the north-east guadrant, and the 
day hours the south-west quadrant ; and in all the months from October to May the 
rotation is right-handed, hut from June to September left-handed. Tiom October to 
May, the longer axes of the figm’es lie between north-east and north-north-east, hut 
from June to September they are much more northerly. The range of the variation 
varies from 19 miles in November to only 6| miles in July, hut fi’om October to April 
it is never less than 14i miles. The diurnal variation curve is widest in Novemher, 
wdien the hour points from V hoiu’s to 14 hours lie on the east side of the major axis 
of the figure, and those from 16 hours to 6 hours on the west side. Erom this month 
onward, the sides gradually close in until they pass each other in May or June, and thereby 
change the direction of rotation from right-handed to left-handed, and place the hours 
about noon on the wmst side of the figure, while those of the evening occupy the east 
side. jProm June omvard, the sides of tlie figures continue to separate, until the month 
of September ; and then comes a comparatively abrupt change in the revei-se dhection ; 
the sides of the figure re-passing each other between the middle of September and the 
middle of October, thereby reproducing the right-handed direction of rotation. They 
then rapidly widen out again until the form of the Novemher curve is re-atfained. 

Another important characteristic is, that w'liile the direction of the mean resultant 
wind veers from west-south-west in October to north-north-east in December, and backs 
tlu’ougli tbe same angle between December and April, the longer axis of the diurnal 
variation emwe maintains, during all those months, an almost invariable dii-ection 
betw’ecn north-east and north-north-east; or, in other words, when the mean daily 
resultant wind is from the north-east, the hourly resultant winds are stronger in the 
night than during the day ; but when its direction is from south-west, they are strongest 
in the day-time and weakest at night. 

Anotlier remarkable feature, liighly interesting from its connection with the diurnal 
variation of the barometric pressm*e, and well brought out in the mean cmves for the 
year, and for each half-year, is the presence of twm east and west oscillatory movements 
of the wind in the twenty-four hours, corresx:)onding approximately in phase with the 
semi-dinmal oscillations of the barometric pressure. Any similar semi-diurnal oscU- . 
latory movement that may exist in a north and south direction is completely masked 
hy being mixed up with the very extensive north and south movement of a different land. 

Before proceeding to enquire into the causes of these various featui’es of the diurnal 
wind variations, we will first examine the curves delineated in Plate SVII, figures 16 to 
45, which show the variations in equal increments of time of the north and east components 
of the Avind seiiarately. The north component curves are, on the whole, similar in foim, 
throughout the year ; the changes from month to month being mainly variations of range 
only, w'hich is relatively small in the summer and large in the winter. The mean cnryc 
for the ^ ear, figure 30, is very remarkably like an inverted temj)erature variation cinve, 
hut latei in jihase hy about half an hour. One noteworthy peculiarity is, that in the 
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Dionths aliout the equinoxes, tlic minimum occurs considerably earlier tbaii in those 
about tlic solstices, whereas the time of maximum seems to depeiicl more definitely on 
the time of sunrise. Most of the cast component curves, figures 31 to 45, have also 
some resemblance to inverted temperature emwes, but, unlike the north component 
curves, they show very considerable alterations of form from month to' month, as well 
as vni'iations of -range. Indeed, the curves for the monsoon months, July to September, 
appear to be of quite a dUferent tyqic from those for the remaining months of the year, 
and the lateness of the morning maximum, from December to February, as compared 
with October, !March, and April, constitutes a modification of form which is of too 
great a magnitude to be attributed to the lateness of sunrise merely, neither does the 
relative lateness of the afternoon minimum in the former months appear to he attri- 
hutablc to a mere change in the length of the day. 

Tlicre can he little doiiht that the greater jiart of the variation of the north component 
of the wind is due to the land-and-sea hrcc7.es. The fact that the form of the mean 
curve for the year approaches very nearly to that of a temperature curve, is sufficient 
proof that this is the ease; but further evidence to the same effect is atforded hy a 
comparison of the ranges of the diurnal variations of the temperature, and those of the 
north ('om])oncnt of flic wind. The next table shows for each of these elements the 
ranee in each month and the mean range for the year, the ranges being derived in the 
case of the wind hy taking the differences between the mean values for 7 and 15 hours, 
and in the case of tlic temperature by taking corresponding differences between the 
temperatures at G and 14 hours, these latter being obtained from table 104, page 143, 
of the “ ^Meteorology of the llomhay Presidency.” 


TABIiE XXXV. 

MonOJy of Knrth and Ltsi Com/fOnmh of the Ulnd and of Air Temperature at Knrrachee. 


t 

I 


JUrth. 

t{I, 

stay. 

Jotr. j 

July. 

Anfu*t. 

FpptfJuN'T, 

( 

October, j 
! 

Notciolier. 

Dcceinbfr. 

1 

j Year. 


I 

1 2-00 

n-53 

11’17 

9-00 

S-00 

9-23 

•rcc 

C-77 

G-G7 

ll'S3 

13-00 

11-17 

9-72 

.. - ! 

S(i0 

ii-or 

1027 ; 

S-.so 

&-10 

2-67 

0J3 

0-90 

20G 


1 ]2*G3 

i 

7-70 

G-79 

r.V'ir** . 

K'-S 

I 20-S 

15-a 

13-7 

9C 

60 

5'8 

1 

7T 

8[) 

2F9 

21-G 

01.0 
*.) i w 

ll-S 


Prom this table it vvill ho seen that the maximum ranges of the wind and temper- 
ature variations both occur in tlio month of November, and that the minimum ranges 
also luqqu’n simultaneously in July. The ordinary theory of the land-and-sca breezes 
suffices, tluuefore, to explain tlic more salient features of the variation of the north 
eonipouent of the wind at ICurrachcc. 

IVe will how tum our attention to llio causes of the variations of the cast com- 
ponents of the wind. ft has already been remarked that most of the cast component 
curves, figure's 31 to 45, liavo some rcsemhiancc to inverted tom])ernturo curves. To the 
(extent to which this is tlie ease, they doubtless represent true eoiivcciion cuiTcnls whicli 
are mainly to ho attributed to tlic difrercncc in tlio range of temiioratiirc of the air over 
tlie sen surface, and of that over the land surfaec to the eastward, that is, over the 
northern jiort ion of the delta of tlie Indus. Tliis district, unlike the hUly country to 
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the northward, becomes flooded in the summer by the inundation of the river, and thus 
the temperature variation of tlie air over this region null be reduced in range to nearly 
the same as that of the air over the sea. The land-and-sea breezes in this direction mil 
therefore become nearly obliterated in the inundation season, while those which blow 
to and fro between the sea and the hills to the northward, where the range of temper- 
ature is unaffected by the inundation, will only he somewhat weakened hy reason of the 
prevailing cloudiness of that season — a conclusion which is well horne out hy tlie 
ohservations. 

It will he noticed, however, that the maximum, the minimum, and the zero values 
of figure 43, occm' later than the corr^ponding phases of figure 44, and looking at the 
curves for each individual month, it wiU be seen that this feature, the -lateness of tlie 
phases, is most marked in the months November to Eebruary, and that it afterwards dis- 
appears. The same fact is indicated, perhaps more forcibly, hy a reference to figiues 95 
and 96, in which the points for the months November to February are abruptly dis- 
located from those for October, March, and April. The theoiy of the land-and-sea breezes 
is incapable of explaining these peculiarities, for we know that the variations of tem- 
perature which produce those breezes do not alter in phase in this manner. We must 
therefore look elsewhere for light upon them. Now, figures 40 to 42 and 31 to 34 show 
that the diurnal variations of the east components from October to April may he divided 
into two distinct classes, those for the months October, March, and April forming one 
class, those for November to Ifehruary another; and since the idea of mere change of 
phase of the land-and-sea breezes does not appear to satisfactorily explain the • difference 
between these two classes, we may try whether the notion of the existence of a distinct 
and independent variation in the mouths November to Pebruiuy, superimposed on the 
variation of the land-and-sea breezes, will afford any clue to the meaning of - the change 
in the character of the mean variation in these two sets of months. The form of this 
superimposed variation may he inferred from figmus 95 and 96, hut it ^vill be more 
clearly exliibited by taking tbe differences between tbe mean homdy values of the east 
components of the wind for the two sets of months. This is done in the following 
table ; — 


TABLE. XXXVL 

jlfean East Comjioncnts of tho diurnal IFind variation. 


HotES. 

1 

1 

2 

3 

4 

G 

0 

1 

7 

I 

0 . 

10 

n 

Slean of October, Slarcb, und April 

+1-57 

-fl'63 

+m 

+2-20 

+2-67 

,+3-67 

+4-67 

1 

i+4-73 

+4-37 

+3-07 

+1-93 

—007 

„ o£ November to Febiuary 


j-FO-85 

-M-30 

+1-75 

+2-50 

+ 3'37 


+4-85 


+4-72 

+4-80 

1+3-62 

Difl’erence'^ 

j~l-47 


-047 

—0-45 

-0-17 

—0-30 

— 0‘G5 

+0-12 


+1-65 

+2 87 

+3-69 

HorHS, 

Koon. 

13 

14 

15 

le 

i 

1 n 

18 

10 

20 

1 

21 ' 

22 

■21 

Mean of October, March, and April 

—2-07 

-3-47 

—5-20 

—5-60 

—5-37 

—4-80 

—3-97 

—2-60 

—1-00 

—0-13 

-0-13 

+0-67 

„ of November to February 

+1‘55 

— O'do 

-'2-70 


— C'35 

-6^40 

-5-75 

—4-45 

— 2-G2 

-2-27 

—1-40 

-0-47 

Differences 

4-3-62 

+3-02 

-F2*aO 

+0-60 


— I'CO 

—1-78 

—1-85 

1 

-1-62 

—2-14 

—1-27 

—1-14 
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The above differences are curved in figiu’e 98, wliich appears to imply that in the 
months November to !Fehruary, there exists, superimposed upon the, variation due to the 
land-and-sea breezes, an independent variation of quite a different character ; the salient 
features of vliich are, that soon after sumdse, the wind begins to blow from the east- 
ward, increases in strength, till about noon, and then gradually grows weaker till about 
sunset, when it is succeeded by a gentle return ciUTent from the opposite direction. 
There can, I think, be no doubt, that this is the local system of anti-convection cuiTents 
or hot land winds already described, and it is worthy of note that at Kurrachee they 
appear to blow with considerable force only so long as the resultant irind of the twenty- 
four hours is not decidedly from seaward, as may be seen by a reference to figure 76. 

We are now prepared to understand some of the peculiarities of figures 92 and 93, 
in wliich it wlU be noticed that the points for the months December, January, and 
Fcbruaiy, compared with the points for October, March, and April, are dislocated as in 
figures 95 and 90 ; that is, downwnrd in the case of figure 92, as in figure 95, upward in 
tlie case of figure 93, as in figure 96. These featmns appear to he attributable to the 
local system of anti-convection ciuTents, and to imply that those winds blow to and fro 
along lines lying almost due cast in November, about cast-nortli-east in December and 
February, and about north-cast in January. 

If we now refer to figures Idl, Idu, 148, and 149 of Plate XXI of the "Meteorology 
of the Bombay Presidency,” ivo shall find that in the months of November and December, 
when the resultant wind of those months at Bombay is from landward, there are similar 
dislocations of the points for November and December, as compared with the points for 
October, Jtlarcli, and April, I think it highly probable that these dislocations are also 
due to the hot land winds or local anti-convection cuiTcnts ; a view wliich is confiimed 
by an inspection of the Bombay vapour pressure curves for November and December 
given in the same irork, for it will be seen that figures 474 and 475, Plate XLI, show 
very decided depressions about noon, indicating an excessive diyness of the air, wliich may 
fairly he aitrihuted to the hot winds of those months. If tliis he admitted, the disloca- 
tions rcfeiTod to of the wind cun'cs at Bombay, imply that at that station the hot winds 
blow from the south-eastward. It is clear, however, that these winds form hut a small 
and comparatively unimportant feature of the Bombay wind system. 

Bcsnlis comparable with those represented by figures 92 to 97 are not yet available 
for any other station in India except Bombay ; so that we cannot proceed fui-ther with 
this rigid method of comparison, hut the form of the curve representing the local anti- 
convection currents at Calcutta and Bolgaum may be obtained vith tolerable accuracy 
for the former station, and roughly for the latter, by combining the observations for 
those montlis in which the local anti-convection currents form the most prominent 
feature of the vund variation. With this object in view, I have in the first place, in 
order to obtain tolerably smooth flmvdng curves, gi’oiipod, for each quarter of the year, 
the north and cast components of the wind at Calcutta, talcing the data fiom Table 0, 
I)ago 30, Yol. I of the " Indian lilctcorological Memoirs.” These results are given heiow' 
and curved in figures 99 to lOG. 
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T’rom among figures 99 to 112, it is easy to select several of similar form to fi^e 
98 ivliicli sliows tlie cliaracter of the local auti-convection currents at Kurrachee. Of 
these, figures 102 and (when inverted) 104 for Calcutta, and figures 108 and 110 for 
Belgaum, may he mentioned, in all of which the common predominating features appear 
to he due to the local systems of anti-convection currents. The influence of these 
cmrents on the forms of most of the remaining cuiwes is also very clearly traceable : 
indeed the peculiar forms of several of them appear to arise almost entirely from the 
conflicting influences of the local convection currents or land-and-sea breezes and the 
local systems of anti-convection cmTcnts. To show tliis in two cases, me., figures 99 
and 111, both of which are, on the whole, similar in form, it is only necessary to sub- 
tract the ordinates of figui-e 102 from those of figure 99, and those of figure 110 from 
those of figure 111, when, in both cases, th(3 form of the resulting difference ounces 
wfll he found to he very approximately tlmt of an inverted temperatm’e curve, or of a 
Yure coast convection current^ which proves that figures 99 and 111 result mainly fioni 
the combined action of local convection currents following the temperature law of varia- 
tion, and a system of local anti-convection currents following the law of variation 
approximately represented by figm’e 98. 

In figures 100 and 101 the coast convection currents predominate, hut the influence 
of the local anti-convection cmi’ents is still traceable in the upward deflection of the 
cm'ves about noon. I?igm-e 106 shows, by the downward deflection a little after noon, 
the incipient appearance of anti-convection currents from the westward. In figure 
103 these are more decidedly developed : in figure 104 they are completely in the ascend- 
ant ; and in figure 106 have almost entirely disappeared. Similarly, figures 109 and 112 
show that, at Belgaum, the anti-convection ciUTents cease to blow in the monsoon months 
June to September ; while figures 107 and 110 show that they blow from somewhat south 
of east on the mean of the months October to Behruary ; and figures 108 and 111 indi- 
cate that they blow from considerably north of east from April to May ; that is to say, 
the direction appears to vary with the varying position of a local centre of maximum 
range of temperature in the interior,^ from which these winds seem to radiate. 

We are thus furnished with another means of distinguisliing these local systems of 
anti-convection currents, viz., that while the coast convection ciuTents, except under 
very unusual circumstances, appear to blow along a Hne having a constant inclination 
to the coast line, the local systems of anti-convection currents, on the contrary, vaiy in 
direction, and blow from the nearest local centre of maximum range of temperature, 
a centre which varies in position at different seasons of the year. So far as a judgment 
can he formed from available data, the anti-convection currents at Calcutta and Kur- 
rachee appear to conform with this view. 

Another means of distinguisliing these currents from the pure convection currents 
is afforded by the forms of the curves of diurnal variation of vapour pressure. I have 
aheady noticed, in the diurnal vapour pressure curves for November and December at 
Bombay, one peculiarity, which appears to me to he due to these winds ; and an iaspec- 
tion of the curves of Plate XLI of the ** Meteorology of the Bombay Presidency” 
discloses many more, which are doubtless due to the same influence. Of these, we may 
notice the rapid change from a minimum about noon to a Tnayimum about sunset in 

, ‘ V%de Plates in the Reports on the “ilateorology o£ India " in 1875 and 1876, 
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the months March to April at Belgaum ; a change which corresponds with the similar 
change of the wind as indicated hy figure 111. There are similar movements in the 
vapour pressm’e curves for the same months at Poona, which prohahly imply a similar 
change of the Avind at that station ; hut for direct evidence of this we must await the 
results to he derived from a self-recording anemometer recently erected there. 

Before leaving the subject of local anti-convection currents, there is one more 
remarhahle and significant feature common to figures 104, 105, and 110, Avhich is worthy 
of special notice. This is, that each of the curves 105 and 110 has a principal maximum 
value at 10 hours, a secondary maximum about 13 hours, and an intermediate secondary 
value at 12 houi’s, and that a similar remark is applicable to figure 104 hy 
changing the word maximum to minimum and mce versd. Mx. Blanford has already 
noticed a somewhat anomalous interruption in the curve of diurnal variation of wind 
velocity (without regard to direction) at Calcutta.^ The mechanical component curves, 
above refen’ed to, prove the intemiption to he, beyond doubt, a real natm'al phenomenon, 
and give it great definiteness of character. It is clear, then, that any theory devised to 
completely explain the local systems of anti-convection currents must take account of 
tins feature. Before attempting to frame such a theory with much probability of success, 
it is essential that the barometric variations Avhich accompany and are related to the 
local anti-convection currents should be determined ; hut of these we yet know absolutely 
• notliing. We are, tlierefore, not in a position to do much more than guess at the pro- 
bable causes of the anti-com^ection cun’ents. I would suggest, however, that the curves 
we are noAV discussing, mz., figures 104, 106, and 110, result from the combination of two 
distinct vawations, the first having a principal maximum about 10 hours, and depending, 
in some Avay not yet completely explained, on the rate of increase of air temperature ; 
the second having a principal maximum about 13 hours, and depending, in the manner 
described by Sir lohn Hcrschcl in his Meteorology, Article 77a, on the inclination 
produced in the atmospheric strata of equal density hy reason of the unequal heating 
and consequent unequal expansion upwards of different portions of the atmosphere. 
Some foundation for believing tliis to he the case may he obtained hy taking the differ- 
ences of the ordinates of figures 103 and 104, This has been done below, and the 
difference curve is represented hy figure 113, wMch, it will he seen, has a principal 
minimum at 10 lioum, and shows that figure 104 may be viewed as resulting from the 
combination of two distinct variations like those represented hy figures 103 and 113 

TABLE XXXES. 


Differences of iU Ordinates of the Curves representinff the East Components of the Winds at Calemila in the 

first and second quarters of the year. 
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* Vide " Indian Meteorological Metnoirs,” Vol. I, pages 8 and 9, 
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On tlie foregoing supposition, the peculiar inflection about noon in all the figiires 
104 106, and 110 -would be accounted for merely as one result of the Combined action 
of the two separate variations. 

TVc must now retiun to the consideration of other features of the diiunal vaiiations 
of the wind at Kunuchee. It has already been remarked that figures 33 to 40 show that 
the variations for the months October, March, and April form a class by themselves, in 
which the coast convection currents play the greatest part. On the other hand, we sec 
from the same figures, that the variations for the months July and August f oim another 
class, in which the coast convection currents have almost died out ; chiefly because in these 
months, the ground' surface is screened by the monsoon clouds from direct solar radiation; 
and if this were the only cause of change in the character of the variation of these two 
classes of curves, we should expect that the ciu’ve of the Terences of then* ordinates 
would agree in form "with an inverted temperature curve ; any deviation’ therefrom heing 
attributahle to other causes. To gain some information as to how far the cliange of form 
is due to the mere disappearance of the coast convection currents, and how far to other 
causes, the dififerences given below have been taken and curved in figmn 114, the north 
component differences being marked off upwards, the east component differences to the 
right, as in figm*es 1 to 15. 

TABLE XL. 


Ifeati North and Nast ComponenU of the Diurnal Wind Variation at KurrncJiee'in theixoo sets of months \()eto- 
ber, March, and April) and {July and Augnst), with their differences, ■ 
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l^ow, assuming that the pure land-and-sea breezes blow to and fro along a line 
having a fixed dhection during the whole of a day, if the above hourly differences were 
wholly due to the mere cessation of the land-aud-sea breezes in the monsoon months, the 
north and east component differences of corresponding hours would in all probability 
b^T to each other a constant ratio ; and therefore, when curved, as iu figure 114, would give 
rise to a figure, in which thehouidy points would lie approximately along a straight lino, 
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the inclination of wliicli woidd depend on tlie Talue of that ratio ; but we see that figure 
IM is Teiy far from satisfying this condition, for the curve is a very open one, although, 
looldng separately at the points from 7 to 12 hours, and from 18 hours to 1 hour, when 
the velocity of the land-and-sea breezes is changing most rapidly, they do approximately 
lie along straight lines which are nearly parallel to the longel' axis of the figure. These 
latter features may therefore be accounted for mainly by the dying out of the land- 
and-sea breezes, but to explain the openness of the figure we must needs look elsewhere. 

Tor this explanation we have not far to seek among the numerous possible systems 
of diurnal wind variations. The principal peculiarities of figure 111 remaining to be 
explained are, that the points for the houi’s before noon appear to lie too much to the 
eastward, those about noon too much to the southward, and those after noon too much to 
the westward. Now, since aU systems of diurnal wind variations, whether they he classed 
as convection or anti-convection ciurents, whether they he regarded as general or local, 
depend either directly or indirectly on solar radiation, it seems reasonable to suppose 
that, in cloudy weather, when the solar radiation is received directly, not by the earth’s 
siuface, hut hy the canopy of clouds above, the range of variation of all classes of 
diiunal wind variations, ohservahle on the earth’s suilace, will he reduced in the horns 
of the day. If so, not only will the coast convection currents tend to disappear in 
cloudy weather, but the range of the general system of anti-convection currents will 
also he reduced, and we ought to find evidence of this in figure 114. Such evidence, 
it appeal’s to me, is w'hat is afforded by the openness of that figure, and hy the pecu- 
liarities in it which have been pointed out. It tends therefore to establish the existence 
at Nm’rachee of the same system of general anti-convection ciuTents to which I have 
elseu here drawn attention as existing at Bombay, Bermuda, Talmouth, and other places. 

The only important local peculiarity of the east component curves now remaining 
to he dealt with, is exhibited by the curve for September, figure 39. The character of 
this peculiarity may be seen by a reference to figures 95 and 96, in which it will be 
noticed that the points for the month of September are abruptly dislocated from those 
of the previous month, in an upward direction in the former figure, and downward in 
the latter. This means that the variation of August changes into that of September, 
by the addition of a variation very similar in form to that Tepresented by figure 98, 
but reversed in direction ; ?.e., a variation in wliich the "wind is relatively quiescent 
during the night hours, begins to increase in velocity from the west soon after sumdse, 
attains its maximum velocity about noon, and then gi’adually becomes weaker until 
about sunset. Now, this is very unlike the simple reappearance of the coast convection 
current at the close of the summer monsoon, and though the curve is similar in form 
to the variation of the local system of anti-convection currents, it is nevertheless in the 
wrong direction to he attributed to tbem. Turning to figures 92 and 93, we see that there 
are somewhat similar dislocations of the points for September in the north component 
variations; wTich imply that, in this month, an additional variation is established, 
which causes the wind to he more southerly during the hours of the day, particularly 
about noon, than during the hours of the night. These facts seem to indicate a diurnal 
variation in the strength of the coast convection current ; hut before this view can be 
entertained, it is necessary to find reasons why the form of the variation is not, as 
would at first sight seem most probable, like that of the diurnal variation of air tern- 
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perature, liut approximately like the curve of solar radiation. On this point we may gain 
some additional information by an examination of the form of the diurnal variation 
of the east-south-east trade wind at Mauritius. It appears from observations made 
and reduced at that station by Mr. Charles Meldrum, who has kindly furnished me with 
a copy of them, that the diurnal variation is most marked in the southern winter. 


TABLE KLI. 

Mean Diurnal Variation of the East Component of the Wind at Mauriims m the months April to Scptemler. 


HOtTES 

6 

1 

r 

8 

g 

10 

i 

11 

1 

Koon. 

13 

11 

15 

16 

11 

East components ... 

1 

1 

— 2-69 

—on 

+2-74 

+3 99 

+6‘71 

1 

-f-dj 8 d 

+5*19 

+5-48 

+3-83 

+3 21 

1 

+1*48 

—1-01 

Hoces. 

18 

i 

10 

20 

1 

21 

23 

1 

23 

Midnight. 

■ 

2 

1 

1 

3 1 

■ 

s 

East components ... 

— ]'80 

—2-22 

1 

1 

—2-21 

— 2'45 

—2-63 

— 2‘74 

1 

^2-35 

—2-98 

—3-06 

—310 

-3-13 

-301 


TABLE XLII, 

Mean Diurnal Variation of the Temperature of the Air at Mauriths in the months April to Septmher. 
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The mean variation of the east component of the wind at Maui'itius in the months 
April to September is given above and curved in figure 115, which, though retaining 
some of the characteristics of a temperature curve (as wdll he seen hy comparing it with 
figure 116 which represents the temperature variation at Mauritius in the same months) 
nevertheless approaches more nearly to the form of the variation of the intensity of the 
solar radiation. This peculiarity is, I believe, partly due to the superposition, on tlie 
diurnal variation oE the trad© wind, of the general system of diurnal anti-convcction 
currents ; hut probably, chiefly to the fact that over the ocean the solar radiation is ex- 
pended more in producing evaporation than in heating the air, and that consequently, the 
diurnal variation of the trade wind is not merely an effect of differences of temperature 
of contiguous portions of the atmosphere, hut largely an effect of a difference of density 
due to differences in the rate at which contiguous portions of the atmosphere are being 
charged with vapour. If this he so, we may anticipate that whenever there is a consi- 
derable difference in the rate of evaporation from contiguous portions of the enrth’s 

’ Vide Eritisli Association Eeport for 1867, page 124. 
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surface, convection currents T\dll blow towards tlie place where evaporation is greatest 
and give rise to a wind variation approaching in form to that represented by figure 115. 

- 2s ow, it is a wcll-knomi fact that evaporation is gi’eater from a wet sandy soil than from 
the surface of water, until the soil is sufficiently dried to acq[uire a lighter colour than 
when wot. Wlicn, therefore, the inimdation of the delta of the Indus subsides, as it does 
at the close of the monsoon, the soil of the flat delta, as soon as the monsoon clouds clear 
away, will be eminently in a condition to promote more i*apid evaporation than over 
the sea, and this -will give rise to a wind variation of the form w'hich we have noticed as 
existing in the month of Septemhor at Kurmchec. As soon, however, as the soil be- 
comes sufficiently dried, the usual coast convection cuiTcnt, producing a variation having 
the form of a temperature curve, should reappear, and this is ivhat takes place in the 
following month, October. 

Similarly, it is probable that rapid evaporation over the surface of India generally, 
during and about the close of the summer monsoon season, gives rise to W'eak though 
sensible currents blmring inward from Ibe surrounding seas, thus producing wind varia- 
tions of tlie .same form as those just described. How much, then, of the peculiar varia- 
tion of the cast component of the Avind at Kurracbco in the month of September, is due 
to evaporation OA'cr the surface of the delta merely, and how much to eA^aporation over 
the surface of the country gcjicrnlly, could only bo determined by comparison Avith 
similar ohscivations made elsewhere. I haA*e looked for similar abrupt changes at thg 
close of the summer monsoon in the cbai’actcr of the wind variations at Calcutta and 
Bombay, but AAitliout finding any A'cry definite iudictations of them; consequently, 
the evidence, as far as it goes, seems to point to evaporation OA’cr the Indus delta 
as (be cliicf source of the peculiarity of the September cast component A^ariation at 
Kurrachcc. 

The only cast component curves Avhich have nOAV not been specially noticed, are 
those for ^lay and June, and these, Arith regard to their main features, may he 
dismissed Avith the remark that they arc intermediate in character hetAA'cen those for 
the months of April and duly. The cufa’cs for April, May, and Juno are, hoAvcver, 
very remarkable from another point of vjcaa', in that they afford decided eAudcuce in 
faA'OAir of the existence at Kurrachcc of that geneinl system of anti-convection cur- 
rents which AA*as first brought to light by the Bombay AAund ohsen’ations,^ and Avliich I 
h.ave already described. This Avill be rendered most apparent by adopting a method of 
analysis similar to that Avhicb Avas used in the case of the Bombay Avind obseiwations, 
the main object of Asdiicli Arns to eliminate the coast conA'cetion cun'cnts. Tor this 
purpose it is advisable to clioosc ccrlaiii months in Avhicli the local anti-couvcction 
cun-ents do not bloAV, to nA'oid excessively cloudy moiitbs, in Avhich avc camiot expect 
that- the variation of the general system of anti-eoiivcction currents in the day hoiu’s 
will be considcniblo, and also to aA'oid those months in Avliich the variation of the east 
component appenre to dc])cnd largely on the rate of cvai)oi'ation over the delta. We 
shall then haA'C to eliminate only the variations of the laud-and-sca breezes in order to 
obtain the residual variation duo to the gencml system of anti-com'cetion currents. 
The months Avbich appear most suitablo for this purpose are' April, May, and June. 
The moan north and east components of the Aviiul A^arinlions for those months haA'e 

’ Mf. Ltitifjlilou luid ilrav.'n nltcuUosi lo lliln cta’i*' ot vrindt in ISTlt Piiil. MtiR'i Sor., VoK XLb V» I'. B, 

n 
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been taken, and in order to smooth, off any slight irregularity rvlncli still remains, tlie 

means of each consecutive pah of ordinates have been twice taken. These results are 
given below and ctuwed in figure 117 : — 


TABLE XLin. 


Mean North and Hast Components of the Wind at Knrrachec in the months of April, Ma^, and June. 


Hotm 

Hidulsbt 

1 

2 

1 

3 

1 

4 

6 

■ 

■ 

8 

9 

19 

11 

NortU component ... 

-i-2'35 

+2'77 

+3 05 

1 

+3*37 

+3 74 

+4*08 

+4’22 

+4-01 

+3'20 

1 

1 

o 

+ 

! 

—003 

-162 

East component 

+1*08 

+0 98 

+0 80 

+1-03 

+l'4't 

+1-92 1 

1 

1 

+2 31 

+2 28 

+1-93 

1 

1 

+1'36 

+0 64 


nouBs. 

Noon 

i 

13 

1 

! 

14 

16 

10 

1 

, 17 

18 

19 

1 

20 

21 


i 

i 

S3 

1 

1 

North component ... 

—296 

—3 97 

—4-67 

— 4'99 



— 3 65 

-2 41 

j 


m 

1 

+169 

East component 

1 

—VU 

—2 35 

—2 93 

—3 22 

—315 

B 

-1*88 

1 

i 

—0 83 

1 

+0 69 

i 

+102 


As before explained, if the wind variation in these months were wholly due to the 
coast convection currents, there is no apparent reason why the hourly points of figure 
117 should not lie along a straight line, which we see is approximately the case ; but wc 
see also that there are bends to the eastward about 9 or 10 hours a.m. and p.m., and to 
the westward about 3 or 4 hours a.m. and p»M., and we have to enquh’e to what these 
deflections are due. 

Indicating the hourly inequalities of the north and east components of the wind 
by N. and E. respectively, we may calculate the easterly or westerly deflection 3) of each 
hourly point by the formula : — 

E = E — N tan a 

in which a is the angle included between the north line and the line along which the 
coast convection currents blow ; and if we suppose that the coast convection currents 
and the general system of anti>conveotion currents are the only wind variations that 
exist in these months, we shall have — 

If = N, -f. If, 

E cs E(. 4- Eg 

in which lf<. and E^ are the north and east components of the coast convection currents, 
and Ifg and E, the components of the general system of anti-convcction currents. 

Erom the assumption that the coast convection current is a variation along a straight 
line, we get — 

Ec =: Ife tan a 

and we shall then have — 


D s= Eg — ^Ngtan a 


which involves the components of the general system of anti-convection ciuTcnts and 
a constant factor only. 
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Tlie most satisfactory way of determining the angle a will perhaps he to calcu- 
late from the hourly ineq^uaJities of the north and east components^ the direction of 
greatest variahility in the manner proposed by Mr. Charles Chambers in Art. 146 
of his Meteorology of the Bombay Presidency.” The yalue of a given by this 
method is 28*’ inserting which in the above formula we obtain the values of I) 
given beloWj which are curved in figure 118. Por comparison with them the values of 
— Ng tan a for Bermuda are also given and curved in figure 119 : — 


. TABLE XLIV. 


Hourly values of Mg — Ng tan a at KurracJiee. 


llitoiEht. 

1 

2 

3 

4 

5 

■ 

■ 

B 

0 

10 

11 

— 0‘18 

— 0-51 

—^*84 

i 

— O'fs 

— 0-57 

— 0-27 

+ 0*04 



■ 



1 

Noon. 

B 

11 

! 

1 

16 

18 

17 

IB ' 

! 

19 

1 

20 1 

21 

22 

23 

+ 0’16 

— 0-21 

•^042 

— 0-54 

— 0-61 

—026 

+0 08 

1 

+ 0*47 

+ 0*73 

+ 0)9 

+ 0*65 

* 

+ 0*11 


TABLE XLV. 



The general similarity of these two figures is so evident that it is almost impossible 
to draw any other conclusion than that the same causes which produce the peculiar 
wind variation observed at Bermuda, are in operation at Kurrachee also, in other words, 
that the -wind movements indicated by the figui’es form part of n general system of diurnal 

wind variations, not of a merely local system. ^ ^ 

Purther e'vddence to the same effect is obtainable from a comparison of the wmd 
variations at Knrraoliee and Calcutta in July and August. lu tiiese montiis the loeal 
win* have less influence than in most of the remaining months of the year, on account 
of the general prevalence of cloud and rainfall. If, then, any general system of diurnal 
anti-oonveotion currents exists, we may expect that (dm-ing the height of the simmer 

monsoon) it will he less over-ridden and ohscui-ed hy penodical local influences than at 

other times, and particularly wffl this he' the case during the night hours, when the 
local winds are always comparatively less influential than durmg the day tune. 
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The mean dinmal Tariations of the north and east components of the \7md in Jnlv 
and August at Knrrachee and Calcutta g^ven in the following tables 


TABLE XLVI. 
Kurrachee, 


BolJES. 

MianisM. 

1 

2 

1 

3 

1 

4 

i 

5 

1 -4 

1 

1 

1 ^ 

j 

( 

f 

1 

1 7 

8 

1 

1 6 

1 

1 

i w 

r 

11 

Nortli components 

+1*18 

j 

+0 86. 

« 

+r78 

+0 96 

1 

1 

1 +1-85 

+1'91 

+2*95 

f 

+205 

+2'35 


1 

+1-03 

1+641 

East components 

+0'38 

1 

—0-28 

1 ; 

+0*16 

i 

. j 

— 0-66 

. .. 

—0*08 

— 0’G6 

+0-06 

— 0-33 

— 0-23 


— 0'28; 

i 

—043 

1 

1 

1 

Noon. 1 

13 1 

1 

1 

1 

14 1 

16 

Id 

17 

i 

18 

10 

1 

so 

21 ! 

^ J 

i 

1 

1 

£3 i 

. 1 

!3 

1 

1 

Xorth components 

—0-20 

1 

—1-53 

— 2‘45 

— 3+6 

-316 

—3-06 ' 

— 2‘45 

— 2-Gl 

-1-10 

—0*57 

+0-45 

+0'93 

East components 

+011 

-0 28 

— 0 85 

—1-00 

—0-61 

"■ — 0 83 

+0'4c : 

+0-78 


+1*40 

1 

+ 1‘60 

+650 


TABLE XLYII. 
Calcnlta. 


Honss. 

Jlldnight 
to 1. 

1 to 3 

2 to 3 

3 to 4 

4 to 5 

B 

Oto7 

7 to 8 

8 to 9 

9 to 10 

1 

1 

ID toll 

[11 to cooo . 

</ 

N ortli compon ents 

+0-41 



+0 85 

+0-82 

+0-84 

1 

: +0-82 

+0 62 

1 

+0-39 



— 0'06 

East components 

—0-41 

B 


-0-54 

—0-45 

-0-31 

+005 

+0-44 

+0-37 



+0-61 

Hotjbs , 

Soon to 13 

13 to 14 

14 to 15 

16 to 10 

10 to 17 

1 

17 to 18 j 

18 to 19 

10 to 29 

20 to 21 

SltoS^i 

1 

22 to 23 

23 to 

ffiiilQight. 

H oitli components 

— 0'60 

1 

1 

— 0-80 

—1*11 

—1-38 

—1-32 

1 

—0-63 

-053 

—0-34 




+0-33 

East components 

+0-26 

+0-61 

+0-55 

+0 36 

+013 

—028 

— 0-88 

\ 

—0-52 

1 

—022 

! 

—0-13 

000 

—0-14 


The data for Calcutta are obtained from Table 0, page 30, Vol. I, of these IMemoirs. 
The observations of both stations do not extend over a sufficient number of years, to en- 
able the non-periodic irregularities to he perfectly eliminated hy merely taking averages, 
and the mean hourly inequalities have therefore heen smoothed hy taking successively 
the means of each consecutive pair. This process has been performed only once upon 
the inequalities for Calcutta, twice upon those for Klurrachee, by which means the 
mimhers are not only smoothed, but made to correspond in point of time. The smoothed 
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Yaiiations are ^iven below, and represented grapMcally by figui’es 120 and 121, figm*e 
121 baving a scale twice as open as figure 120 ; — 


TABLE XLVIII. 
Kurracliec, 


Uoxjns. 

Midnight, 

1 

2 

1 

3 

4 

6 

e 

7 

8 

D 

10 

11 

Nortt components 

+ T03 

+1*17 



-t-r64 

C 

+2T5 

+2-46 

+2’35' 

+2*11 

+T68 

+1-04 

+0-41 

East components 

+0*24 

1 

000 



—0-36 ! 

1 

1 

—0-32 

^^‘21 

i 


■ 

—0-29 

-0-32 

—0 25 

Hocss. 

Noon. 

1 13 

14 

16 

16 

17 

18 

1 

19 1 

1 

20 

1 21 

22 

23 

North components 

-0-38 

i 

—1-42 

—2-39 

—2-98 

— 3T3 

--2-93 

[ — 2-64 

—2-19 

— 1-84 

— 0'44 


+0*87 

East components 

— 0-12 

-0-32 

—0*74 

1 

-0‘86 

i 

—0-76 

-0-45 

j +0-22 

1 j 

+0-88 

+1-29 

+1-47 

+1-27 

+0-74 


TABLE XLIX. 
Calcutta, 


Hobbs. 

Midnight. 

1 

2 

1 

3 

4 

1 ^ 

6 

7 

^ 8 

9 

10 

11 

North components 

1 

+0-37 

+0*46 

+0 60 

+0'77‘ 

+0*83 

+0-83 

: +0*83 

+ 072 


+0-28 

+0*13 

+0*01 

East components 

—0*27 

— 0*44 

-O'SO 

-0-53 

—0*49 

— 0’38 

-0’13 

+024 

■ 

+0-45 

+0-60 

+0*69 

UOBBS. 

Noon. 1 

13 

14 

15 

16 

17 

18 

19 

1 

20 

1 

21 ' 

23 1 

23 

North components 

1 

— 0’33 

—0-70 

—0-95 

—1-24 

—1*35 

-0-97 

—0*58 

-0-42 

—0-18 

0-00 

+0-09 

+025 

East components 

+038 

1 

+0*38 

1 

+0*53 

+0-45 

+0*24 

— 0-07 

—0*33 

1 

—0*45 

-0-37 

-0-17 

— 0-06 

—007 


A glance at these figures is sufficient to decidedly reveal the existence, during the 
night hours, of RiTnilflr east and west wind movements on opposite sides of the 
Indian Peninsula, as well as movements in contrary dhections during the hours of the 
day. There can be no doubt that the contrary east and west movements are of local 
origin, but it is difficult to imagine how the movements in the same du’ection on 
opposite sides of the Peninsula can be so regarded, and it seems far more probable that 
these are indications of the existence of that general system of anti-convection 
currents’ which appear to move synchronously with the regular diurnal variations of 
the barometric pressure. If the contrary local east and west movements on opposite 
sides of the Peninsula were of the same magnitude, they might easily be eliminated by 
simply taking the mean of the east component variations at the two stations, but we 
find by an inspection of the figures that the range of the Calcutta curve, figure 121, is 
only about half as great as that for Kurmchee, figure 120. This may be due partly to 
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the great friction of the Calcutta instrument, and partly to the fact that Calcutta is 
not, like Enrrachee, close to the sea, hut some distance inland. As, however, the 
local peculiarities of figure 121, except as regards direction and range, appear to ho 
similar to those of figure 120, hy arhitrarily increasing the range of the former, until it 
approximates to that of the latter, we may rouglily eliminate, as above described, tho 
local peculiaiities, and obtain an approximate view of the form of the general east and 
west wind variation. The east components of figure 121 have therefore been doubled, 
and the mean of these prod,uots and of the east components of figure 120 have then 
been taken, giving the numbers of the foUomng table, which are grapliically re- 
presented hy figure 123 : — 

TABLE L. 


ilidnight. 

1 

2 

3 

i 

4 

c 

! 0 

1 

7 

1 

! 8 

0 

B 

11 

—0-15 

—0-44 

— 0-o7 


—0 67 

i 

— 0*54 

—0*23 

j 

—001 

—0*20 

-f0'30 

■fO-44 

+046 

Koon. 

13 ' 

1 ' 

14 

1 

IG 1 

1 

i 

IG 

17 

19 

1 

10 

20 

21 

22 

23 

-fO-32 

-|-0'22 

1 

-f-016 

1 

1 

! 

+0 02 ; 

i 

— 0T4 

1 

-0-29 

1 

—0-22 

1 

-0*01 

+ 0-21 

\ 

i 

i 

-f-0*56 ; 

■f 0*57 

+0-30 


The form of this figui’e hears a strong resemblance to that representing the dim'nal 
variation of the barometric pressure, and the times of the maxima and minima are 
nearly the same as in the barometric curve ; thus affording independent evidence of the 
same kind as that which I have deduced from the Bombay wind observations, to the 
effect that the dimmal variation of the barometric pressure is accompanied, and pro- 
bably partly caused, by a similar variation of the east components of the wind — a 
variation which is not due to merely local peculiarities, but to general causes, and 
observable wherever the diurnal barometric variation can be detected. 

The character of the truly local peculiarities will he perhaps best exhibited, ap- 
proximately free from the effects of the general wind movements, by taking half the 
difference of the two variations, the means of which have yielded the variation represented 
by figure 122. These hourly differences are given heloiv and emwed in figure 123 j the 
meaning of wliich is that, diuing the height of the summer monsoon, the local con- 
vection currents wliich blow inwards toward tlie middle of the Peninsula are stronger 
in the day tune than during the hours of the night : — 


TABLE LI. 


Jlidnisht. 

1 

2 

s 

1 

4 

s 

0 

[ 

1 

8 

9 

10 j 

11 

+0*39 

+0'41 

; +0*^12 

+ 037 

+0*31 

+0*22 

+0'02 

[ , ■ 

—024 

—0 54 

1 —059 

-0-76 

—■0 71 

■Kdoh. 

13 

14 

13 

IG 1 

ID 

la 

19 

1 1 

20 . 

21 

J2, 

!3 

— 0-U 

— 0*51 

— 0 90 

— 0*88 

—0*62 

-0-16 

+0*44 

1 

+0*89 

1 +1*01 

+0*90 

1 

+0 69 

+0’1-1 
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The form of the oniTe seems to suggest that these variatious are due maiuly to more 
rapid evaporation in the day time over the surface of the land than over the surrounding 
seas ; but this idea affords no clue to the meaning of the very decided, and somewhat 
abrupt, decrease in the velocity of those winds about noon, and for about an hour before 
and after that timej — a diminution which is decidedly ’shown by the eastward bend about 
noon m figure 120, and the westward bend of figure 121. These deflections appear to 
indicate that the local systems of anti-convection currents, blowing outward from the 
middle of the Peninsula, are not altogether annihilated even when the summer monsoon 
is at its height; but have still sufficient strength to oppose the inward convection currents, 
and produce in the latter the diminution of velocity which takes place about noon. 

The north components of the diurnal wind variations at Kurrachee and Calcutta in 
July and August are evidently very similar, as may be seen by an inspection of figures 
120 and 121. In each case the hourly inequalities have positive values from 22 to 11 
hours, reaching a maximum about 6 hours, and negative values from 12 to 21 hours, 
reaching a minimiun at 16 hours, and the form of the curve representing the north com- 
ponent variations ■with time approximates to the form of a temperature curve. These 
variations are, therefore, mainly attributable to atmospheric convection produced by 
differences of temperature. 

dotations of the Wind Vane at Kurrachee. 

The number of direct and retrograde rotations of the vane recorded in each month 
of the thi’ce years ’udll he seen in the following table 


TABLE LII. 


Horrrna, 

1873, 

1874. 

1876, 

lOTiX, 

Total excess of 
direct over- 
retrograde. 

Direct. 

itetroffrade. 

Direct, 

letrograde 

Direct. 

letrograde. 

Direct. 

Retrograde. 

January 


9 

B 

14 

2 

12 

0 

35 


+ 32 

February 

... 

■1 

B 

11 

1 

16 

1 

37 


"1* 34 

MarcU 


B 

0 

2 

2 

6 

0 

S 


+ 6 

April 


2 

1 

3 

0 

3 

0 

8 

HI 

+ 7 

May 

* * ■ 

0 

0 

1 

0 

^B 

1 

2 

^H 

+ 1 

Juno 

•»* 

0 

0 

1 

0 


3 

6 

2 

+ 4 

July 

w. 

0 

0 

2 

1 

4 

2 

6 

3 

+ 3 

August 

■ 4 • 

4 

1 

0 

0 

1 

0 

6 

1 

•f 4 

September 

■ ■ ( 

0 

0 

1 

B 

0 

0 

1 

2 

— 1 

October 

*•* 

4 


6 

B 

B 

0 

16 

6 

+ 11 

NoTomber 

« 4 » 

16 


13 

B 

B 

1 

44 

6 

"f* 39 

December 

* • » 

17 


16 

p 

16 

2 

47 

4 

-4* 43 

April to September 

■ « • 

6 


8 

3 

14 

6 

28 

10 

+ 18 

October to March 


67 


59 


71 

4 

187 

22 

-fl66 

Tear 

... 

63 

1 9 

67 


86 

9 

216 

32 

-4-183 
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The nuinher of direct rotations is very greatly in excess of the retrograde rotations, 
and this is the case in eveiy month of the year, except September, in which the retrogiade 
rotations appear to he slightly in excess. Tlie excess of direct over retrogindc more, 
ments is veiy much greater in the winter than in the summer half-year, but this is due 
chiefly to the great number of direct rotations hr the months November to Eobruary ; im. 
mediateJy before and after which the excess is abruptly reduced. 

The explanation of these excesses is evidently the same as that which I have given 
for Bombay.’ They are caused almost entii*ely by the diurnal variation of the wind, 
and occur at times when the daily resultant wind has a low velocity, and lies wholly 
within the range of the diurnal variation. ^ inspection of the figures 1 to 12 will 
he sufficient to show that this is the case. In the months November and December 
the lines representing the monthly resultant winds lie 'wholly within the diurnal varia- 
tion curve, which has a right-handed or direct rotation. Consequently the daily 
vesultawt vrinda in these months will also freipiently lie wi-thin the duimal vamtien 
cuive, and on all such days a single direct rotation of the vane will occur. In January 
and Bebimary, the lines representing the monthly resultant winds lie, tlnoughout the 
gi-eater portion of their lengths, within the diuimal variation curves ; and many of the 
daily resultant winds of these months, of which the monthly resultants are the means, 
will also doubtless fall wholly within the closed curves ; although their number will be 
less than in the two preceding months. Consequently, (the diurnal variations being 
still right-handed,) many direct rotations of the vane should occm*, although not so 
many as in November and December; and this we find is the case. But in March, a 
great change has taken place in the length of the monthly resultant line, which no'w 
lies for the greater part of its length outside the diurnal variation curve. The same 
■will he the case with most of the daily resultant lines ; and therefore the numher of 
rotations should show a decided diminution, as indicated by the numbers of the table. 
In the succeeding months, as the daily resultant wind groups stronger and the diurnal 
variation curves close in, the probability of the occurrence of direct rotations becomes 
smaller; and in September, when the daily resultant winds begin to grow weaker, and 
the diurnal variation curve is more open, hut left-handed in the direction of its rotation, 
there is some probability of the occurrence of reti’ogi’ade rotations, and this, we see 
from the table, is the only month in which retrograde rotations of the vane are in 
excess of direct rotations. In October, however, the direction of rotation of the diur- 
nal variation is abruptly reversed, becoming again right-handed, and at the same time 
the daily resultant winds grow much weaker. Consequently tlie probability of the 
occurrence of direct rotations is again increased, and the direct rotations are once more 
in excess, as sho^Yn by the table. 

Mean Mourly Yclocity of the Meblianical ’Resultant IVind^ and Mean RLourly Velocity 

of the Wind regardless of direction. 

The mean hourly velocity of the mechanical resultant wind is given in the follow- 
ing table for each month, each half-year, and for the whole year, and graphically 
rciiresented by the dotted curves 61 to '75. The hourly values have been calculated by 
the usual formula. 


' FiJf “ Philosopiilcal Transaettoas, ” 1S73, pages 12 and 13. 


TxUiLE LIII. 

Mem Hourly Velocify {in miles per hour) of the Mechanical Itcsuliani Wind al Knrrachce. 
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The mean hourly velocity of the wind (regardless of direction) for eacli month and 
for the whole year is given in Table IX, and exhibited by figures 46 to 60, If 
homonymous hours in the same month the -nund always blew from the same direction 
the two sets of curves would of course be identical ; and the more vaiaable the wind 
direction is at homonymous hours of successive days of the same month, the more 
uin the corresponding curves of the tivo sets differ from each other. 

The diurnal variation curves of the resultant velocity of the wind from March to 
October, figures 63 to 70, differ very little from those of the wind velocity (rcf^ardless 
of dii-ection,) hut in the months November to Eehruary they differ very considerably 
Hence, we may infer that, in the former months, the wind dii-ection is very steady 
particularly during the early afternoon hours, while in the latter months the wind is 
much more variable in direction, especially in the day time. The change of form in the 
diurnal variation curves of the mechanical resultant wind is of course merely the effect 
of the combined action of tbe annual and diurnal variations, but an inspection of these 
curves, and their comparison with those showing the variations of the velocity (regard- 
less of dhection), throws much light on the latter, and proves that the modification of 
form which they undergo from month to month is mainly due to the same causes as the 
Change of form of the hourly resultant cuiwes. 
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OoMpavison of the Wind and Mainfall at S/iirraGhee, 

The rainfall at the Knrrachee Observatory during the three years ISVS to 1875 
is given in the following tables : — 

TABLE LIV. 

Hainfall in incites at Kitnachee during the year 1873 . 



Total foi- the year 


• ft • 


3‘50 
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TABLE LV. 


Hainfall in indies at Kitrrachee during the year 187 A. 
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TABLE LVL 

Maxnfall in inches at Knrrachee dxiring the year 1875. 


Date. 

Janiiaty. 

’ebrnary. 

Harcb. 

Aptil. 

May. 

Juno. 

July. 

August. Se 

ptember. 

October, li 

oTcmbcr. I 

lecembcr. 

1 

1 1 * 


• a * 

a. • 

4«* 


44. 

0 07 

4 44 

4 4 4 

4 4. 

0-67 

2 

... 

... 

• 1 « 

. 1 . 

• 4. 

4.4 

... 

4*4 

• » 4 

4.4 

• •1 

« ■ • 

3 


OOG 

... 

44 4 

44. 

4 4 4 

#44 


ft. 

... 

• 1. 

a 1 4 

4 

4 « « 

.4 ■ 

... 

. « • 

• «4 

.44 

44. 

• 1 1 

... 

« 144 

.44 

■ •1 

5 

*4 N 

... 

■ 4 a 

4. a 

... 

• 4. 

4.4 

0-03 

4 1 1 

• 4 4 

4.4 

. *4 > 

6 

4 * » 


.»• 


4.4 

• 4. 

... 

• 4 4 

... 

• 4« 

• 4 4 

44. 

7 

• •• 

1 ■ a 

1.4 

... 


• 4. 

0 07 

• 4 1 

« .4 

4 « 4 

14. 

• •4 

8 


* 4 * 

.4 . 

4.4 

«•• 

• 44 

0-10 

4 4 4 

44 

44| 

Ill 

a 

4 1 4 

9 

... 

... 


• 44 


4.4 

O'lG 

44* 

44 • 

■ 44 

.1* 


10 


. . I 

4* » 


•4. 


444 

*44 

.4 1 

• •• 

■ •* 

4*. 

11 

• •• 

... 

• 14 

4 4 4 

... 


... 

• 44 

« * • 

... 


i.k 

12 


oos 

... 

.14 

4.4 

• 44 

0-09 

... 

444 

... 

444 

• Ik 

13 

... 

a 1 • 

.44 

. • 4 

4.4 

44. 

001 

44 4 

4 • f 

.44 

*•* 

44« 

14 

... 

0-OG 

• .4 

• 4* 

4.4 

%«« 

001 


... 


1*4 

414 

15 

• M 

0-lG 

. 1 « 


4.4 

444 

4*4 

* 4 4 

14. 

• 4 4 

444 


IG 

... 

... 

... 

.44 

4.4 

... 

.14 

*4* 

... 

4*4 

4*4 

• 44 

17 


f 4. 



... 

44. 



44* 

... 

• 4 1 


18 

• 4 » 

... 

.1. 

*4. 

44. 

444 

.4* 

... 

• 1 4 

44# 

• 4. 


10 

4 « « 

1*4 

.44 

.44 

.44 

444 

2-81 

444 

2-7o 

• • 4 

1.4 

4 ». 

20 

* • « 

. . « 

44. 

♦ 4. 

... 

44. 

0-49 

.44 

1*4 

44* 

*»• 

14* 

21 

• 4. 

006 

. « • 

• 44 

.44 

.44 

... 

• 4. 

• 44 

• II 

■ 1 * 

M* 

oo 







0-02 



*.* 

4*4 



« .4 

4*. 










) 

23 

003 

».4 

• .4 

• 4. 

444 

• 4 4 

... 

44* 

• » 4 

.44 

.*• 

4l4 



... 

4.4 


.44 

• 4. 

O'Ol 

4 1* 

... 

1 "■ 

« I* 

0-48 

23 


... 



444 

... 

44. 

... 

• • « 

• *l 

0-01 

444 

2G 

• 1. 

*.• 

«*• 


4 44 

• 44 

.«» 

4 4* 

*44 

« *4 

4 44 

\ 

27 

.4 a 

ff* 

.44 

4.4 

• 4 4 

4.4 

4 14 

... 

• 4 4 

4.4 

.. • 

444 

28 

4*. 

4*. 

..4 

4 4 4 

144 

44* 

.4* 

4(4 

( 44 

4.4 

0-36 













0 01 


29 

• • 4 


• 4. 

... 

••• 

44* 

441 

.14 
















1-01 

441 

SO 

... 

**■ 



.44 

• 44 

• •• 






31 

. 4 » 

• 4. 

a 4 4 


.14 

4.1 

0-02 


» .f 

... 

... 

441 

Total.. 

003 

0-d2 

... 

... 

« « • 

... 

3-S2 

0-10 

2-76 

4 <4 

1-41 

1-16 

fl.'TA 


Total for tlie year ... 9'70 


Comparing tlicsc tables with Tables I to III, it would appear that rain seldom falls 
so Ion" as the summer monsoon, wind continues to blow steadily, but tliat it usually falls 
dining temporary cessations of that wind, or probably dining cyclonic disturbances. 
The number of instances of rainfall during tbe three years is, however, too small to 
permit of any other very trustworthy conclusion being drawn than that the occurrence of 
min at Kurmchee is comparatively I’arc — a fact which it is important to bear in mind 
in reasoning on rainfall generally, for it shows conclusively that a strong damp wind from 
the seaward is not the only condition rciiuh-ed to produce rain. Indeed, it suggests 
that, under certain circumstances, a strong sea wind, such as that which blows during 
the summer at Kumchcc, may prevent rather than favour the production of raiu.^ 

• Coinp'iro lliis with tho facts deduced from a discussion of tlio winds of Calcutta in their relation to rainfall. Seo tho 
passage iu italics on page 20 of this volume. II. F. B. 
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THE Tmn)S op KTJHKACHEE 


tablb 

Daily means of the Korth and Dost ComponenU 

( Velocity VI miks 






JUrtTABT. 

Fzdbitart. 

llABCir. 

• i 

APBIt. 

Mat. 



Dim. 


Iforth. 

East. 

. 

North 

East. 

Koith, 

Fast. 

North, 

East, 


East. 

1 



4bb 


11* 

+ 2*7 


- 21 

-109 

- GO 

-13 5 

- 82 

-199 

2 

1 * 


1 *« 

... 

... 

+ 20 

+ 06 

- 43 

-16*9 

- GO 

-161 

- 80 

-211 

3 

ill 


« »« 

... 

... 

4 14 

• •• 

- 3*5 

-101 

- 68 

-15 3 

—113 

— 21*5 

4 

bt* 

• •• 

HI 

+ 7-6 

-121 

+ 07 

- 1-0 

- 20 

-144 

- 26 

-11*9 

—11-4 

-190 

5 

• 14 

1 •» 


+11-5 

- 48 

- 06 

- 83 

- 1-2 

-18 3 

- 31 

-101 

— 94 

—196 

6 

• 14 

1 •• 

• 11 

+16 4 

- 82 

- 44 

-13 3 

- 03 

-151 

- 1-3 

-14 5 

— 84 

—200 

7 

• 41 

• •« 

... 

+ 89 

- 04 

- 63 

-219 

- 20 

-179 

»I4 


—10 3 

—139 

8 

• •» 

• •« 

Ill 

+ 04 

+118 

+ 25 

+ 30 

- 26 

-176 

III 

*•• 

— 78 

- 9D 

9 

• 1 


III 

+ 30 

+ 39 

+ 58 

- 62 

- 08 

-17 7 

ll« 

11. 

- 85 

-143 

10 

1 

bb* 

111 

+ 40 

•1* S 4 

• lb 

«•• 

■4* 2 0 

-141 

- 84 

-20 2 

— 48 

—103 

11 

• 

... 

• 1 

+ 04 

+ 02 

- 08 

- 43 

- 4*1 

- 45 

- 0*4 

-206 

— 65 

-188 

13 

«•» 

• «l 

«4« 

- 24 

- 98 

- 01 

- 20 

- 45 

-14-5 

• •• 

... 

-108 

—20-4 

18 

« 

• « 1 

• •• 

- 35 

- 65 

+ 45 

- 01 

- 27 

-18 8 

+ 28 

-121 

— 68 

-162 

14 

• • 


• If 

+ 20 

- 06 

- 14 

- 62 

- 3*7 

-18 5 

— 23 

-ITO 

— 67 

—166 

15 

• r« 

« 

111 

- 3-1 

— 4*4 

- 39 

- 87 

- 05 

- 09 

- 30 

V 

- 87 

— 61 

—149 

le 

* * « 

• • 

*»• 

- 6-3 

-17*3 

+ 1*0 

- 67 

- 1*6 

-13 0 

+ 23 

- 64 

-1*6 

—12 9 

17 

• • 


• 1 « 

- 4-1 

-25 8 

+142 

+ 68 

- 1*8 

-161 

- 1*4 

- 82 

- 11 

-146 

18 

• 

1*1 

• •• 

+ 20 

- 52 

+ 2-8 

+ 59 

- 48 


- 1*7 

- 73 

— 02 

-17 7 

19 

... 

• •• 

• I* 

+11-3 

+ 8*9 

- 06 

- 30 

- 79 

-J83 

- 49 

-103 

'f- 02 

— 19-6 

20 



• 4 ■ 

+ 74 

- 1*6 

+ 1*4 

- 79 

- 63 

-23 3 

- 77 

-18 5 

«•« 

-20 2 

21 

■ • 

• 

... 

+ 25 

+ 39 

- 20 

- 66 

- 78 

-261 

-126 

-187 

— 2*3 

—20-6 

22 



... 

+11*0 

•}- 6 0 

- 61 

-162 

• l » 


-12*8 

-204 

— 64 

—160 

23 

' • 

> ‘ 

* » • 

+ 62 

- 1*8 

- 0-6 

-206 

- 1*4 

-190 


-233 

— 65 

-14*6 

24 

• 


»»• 

+ 1-7 

- 28 

... 

• •1 

- 01 

- 84 

- 78 

-23 9 

— 58 

—167 

25 

**i 



“{■ 1'3 

- 69 

+ 69 

-168 

- 07 

- 74 

-75 

-261 

— 29 

-13 8 

2G 

" • 

• •• 


irb 


+11-3 

-147 

- 26 

-120 

— 69 

-25*3 

— 31 

—193 

27 

*•• 

4 

• •• 

• •• 


... 

+ 22 

- 62 

- 59 

- 85 

— 63 

-24 3 

— 38 

—180 

23 


• 1* 


+ 1*4 

- 58 

+ 07 

- 80 

- 40 

- 88 

— S3 

—23 5 

— 49 

—121 

•iv 

■ ■ ' 


**• 

1.1 

... 

... 

«•* 


-141 

— 84 

-23 6 

— 30 

-15 7 

30 

*♦» 


■ * • 

+ 37 

- 67 


• •• 


-11*0 

-n-o 

-218 

— 76 

— 130 

31 

• •b 


• •« 

+ 09 

-102 

• •• 

««• 


-12 9 

... 

... 

—119 

— 95 























THE WINES OF KHHRACHEE 


295 


I. 

ofiTic Wind at KnrracJiee in the year 1S?B^ 
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THE TTINHS OE KHEEACHEB, 


TABLE 

Baihj meanu of the Korlli and Uasi Components 


Velociip in miki 



Patss. 


JiJiPAir, 

Fsbruabi’. 

-- 

>lACCHa 

ArJlt. j 

Hit. 



Iforth. 

East. 

North. 

East. 

North. 

East. 

1 

East. 

North. 

Es4. 

1 


a *4 

• «4 

+ 6-1 



+ TJ 


■ 

- 4*0 

-19*2 

- 7*7 

—162 

2 


««a 

4** 

+ 6-8 

WM 

- 01 

+ 1-2 



- 40 

-17*5 

— 31 

—13 3 

3 



«•* 

•}- 2-6 


- 1-9 

- 2-4 

- 7-3 

-20*6 . 

+ 0*5 

- 5*1 

—101 

—17*5 

A 



laa 

+ 9'3 

MB 

- 6-3 

-101 

- 8-4 

-1G4 

- 2-4 

- 8*0 

— 13-S 

-17*4 

5 



14* 

+ 9-3 

+11'8 

+ 10 

+15-7 

- 8*7 

-lG-4 

- 6*2 

-19*4 

—10-8 

-156 

6 


• 4* 

*• * 

+ 3-3 

+ 6*3 

- 8-4 

- 1-5 

- S-3 

-16-0 

- 7*8 

-21'G 

— 69 

—16*3 

7 

•*4 


• ft 

- 1-2 

- 7'1 

- 4-0 

— T6 

... 

f • 

• f a 

- CT 

-19*5 

— 6'6 

-161 

8 

4*1 


ta* 

4'9 

- 0 -4 

- 50 

- 8-7 

- 4-5 

-19*2 

- 7*0 

-10*2 

— 1*8 

—132 

9 

• • « 

la* 

44 1 

+ 96 

+ 8’1 

- 66 

-20-5 

- OS 

- 0‘9 

- 9-7 

-16*9 

— 4-2 

—14*7 

10 

»• t 

« « < 

**» 

+ 6-9 

+ 2-2 

+11-9 

-19-5 

+ 1*5 

+ 100 

- S-9 

-207 

— 8*6 

-11-4 

11 

• I* 

1 • 1 

• *• 

+1Y'6 

- 1*7 

+ 80 

-14 6 

+ 5*9 

+ 6-9 

- 6-5 

-19*5 

— 6*1 

-15*8 

12 



ft* 

00 

+ 09 

+ 6-9 

- 2-8 

- 0-1 

- 4-1 

- TG 

■ -14*9 

— 4*3 

-19 6 

13 

ft* 

• •« 

*•< 

- 2-1 

+ 2-3 

+ 0-7 

- S-3 

- 4-G 

- 8*3 

+ 1-1 

- 7*7 

... 

a*« 

U 


• • a 


~ 1-5 

+ G-1 

- TO 

- 2-0 

- 5G 

-17*3 

- 4*2 

- 81 

... 

aaf 

15 

* »« 


fal 

+ 6'4> 

- 4'5 

+ 0-5 

- 3-6 

- 2*9 

-205 

- 4-2 

-14*4 

— 5*6 

-17*9 

16 



«*l 

+ 1-8 

+ 1-3 

- 3-3 

-11-8 

+ 4*9 

-14*7 

- 0-9 

-10*2 

—10’2 

—17*3 

lY 

fif 

« • « 

4* 1 

aa« 

*a« 

+ 1-1 

- 7-6 

— 2-0 

—19-7 

— 2-8 

—13*0 

—10*4 

-153 

18 

• • f 

• « * 


• •4 

t4« 

+ 0-4 

- 3-3 

— 5-0 

—18*0 

— 6*2 

— 8*9 

... 


19 

• If 


• 4 1 

**• 

... 

- 08 

-10-6 

— 1-0 

—19*8 


—15*1 

—10*4 

— 13T 

20 

• »l 


1 • a 

- 2-8 

+ioa 

- T1 

- 7-7 

— 2-0 

—20-4 

— 93 

—16*1 

— 8*5 

— 20*4 

21 



... 

... 

• 44 

- 0 -7 

- 4-5 

— Cl 

—230 

— G-8 

—16*8 

— 91 

—21*8 

22 

... 

.. 


»** 

**• 

+ 0-4 

- 6-G 

+ 1-3 

—33-3 

— 2-5 

—15*8 

— 8*1 

—ICS 

23 

• at 


• t • 

+ 2-3 

- 1-7 

+ 2*0 

- 5-4 

+ 4-7 

—22*5 

— 6*3 

—14-9 

—12*5 

— .9*6 

21 

■ ■ ■ 


4 ff 

+ 6-9 

+15'0 

- 0-2 

- 5-4 

wm 

—11*9 

— 6*9 

—11-5 

— 1T2 

—10*4 

23 

• •a 

«*■ 

444 

+ 5'3 

^10*4 

- 0-7 

- 5-1 

— 3-7 

— 14*5 

— 5*8 

-16*6 

—16*7 

— 15-4 

2G 

»*i 


• •• 

+ 7-9 

+17-5 

+ 1-6 

-13-0 

— 4-0 

—16*9 

—100 

—14-2 

—13*5 

—181 

27 

»•« 

rt* 

a a • 

+16 8 

+21-3 

+ 1-7 

- 4-4 

— 2-3 

—10*2 

*a* 

... 

— 9-9 

—196 

2S 




+ 8-1 

+ 7‘5 

+ 0-2 

- 3-5 

— 3-1 

— 9-9 

—13-9 

—18*0 

—10*6 

—160 

29 

• •* 


*t* 

- 1-5 

- 1-5 

• •a 

a a • 

— 81 

—13-3 

—13*2 

—19*7 

—13 0 

—22-2 

30 


*.* 

^ , 

+ I'S 

- 2’3 

• aa 

• aa 

—13 0 

— 21*0 

— 9-3 

— 14*G 

—10*5 

—266 

31 



• i 

- 1*3 

00 

... 

4t4 

— 2-4 

—18-1 

• a« 


—13-1 

-162 

.J 















Tin: WINDS or Kruiucmir 


II. 

of (hr Whtit a! Kurrachi>'. in (Ic tjsnr IST-J. 

j/fr 


Jl ?*. 

iVLY. 1 

Ai'oV't. 

flfYtVtflL 

Kcrth. 

JIaM, 

5'ortJi, 

1 

j’j-i. j 

.Vofth. 

Km. j 


llirt 

-Il-O 

-M-fi 

-157 

-201 

• •• , 

-21-0 

-.*1*2 

-25-1 

-11‘2 

-22-0 

-M-3 

-23-3 

- 8-2 

-17-3 


-18-1 

- G7 

- 250 

- M-7 

-217 

- 30 

-13-2 

— 5‘2 

-l&S 

- fi--l 

-£37 

-170 

-277 

- 31 

-IGO 

—3-1 

-lS-2 

- 6 -8 

-17S 

« 1 • 

• ( • 

- ST 

-21'3 

-33 

- 15-3 

- 7-4 

-MT 

- 15-3 

-237 

- 127 

-19 0 

-dG 

-1G2 

- 10 

-11-2 

-lS-1 

-21-G 

-ll-l 

-230 

-10 

-137 

-102 

-l-t-8 

-ISO 

-187 

-M-3 

-21S 

-28 

-127 

- «-3 

-12-0 

- 15T 

-157 


-23-9 

-20 

-13-S 

2*2 

+ 1-3 


• •• 

-11-5 

-IS-l 

-1-0 

-15-2 

- 70 

+ 5‘2 

-117 

-1G7 

... 

... 

-2G 

-137 

-12-5 

- fi-5 

- C-8 

- 07 

• - Cl 

-10 0 

-.3-0 

-157 

-150 

-17T 

- 0-3 

- 71 

- 5-0 

-22-0 

-IT 

-14-J 

-127 

-17-9 





— 0.0 

-117 

- 4-5 

-107 

-100 

-105 

- 88 

-ISl 

-21 

-157 

- 5T 

-10 S 

-137 

-20 0 

- 4 -S 

-17-1 

-3T 

-151 

- 7*1 

-157 

— to 

-IS 5 


««• 

-4 3 

-14 1 

-11*3 

- 16 2 


... 

-127 

-19T 

-5T 

1 

-12G 

- 3T 

-23-0 

- 5-0 

-102 

-11-G 

-23-2 

-5-S 

-K*7 

- ST 

-27\S 

*»• 

4** 

-12-3 

-23 3 

-53 

-17T 

- GT 

-257 

- 7-1 

— 25'7 



... 

*«« 

- 5-S 

-21'S 


Ov>»* 

-121 

-22-4 

-C-7 

-14 5 

-11-6 


- G-G 

-20-5 

- ‘>1 

— 10-2 

-2.8 

-12T 

-IG-O 

-26-3 

- 7-G 

-IS'2 

• « « 

• *« 

-IT 

-ITS 

-100 

-23-5 

- 65 

-137 

- 78 

-237 

-27 

-14 1 

-117 

-211 

&0 

- S7 

• 4 • 

*«• 

-47 

- 7-1 

j 

-M-0 

-£0\S 

+15-2 

+ 67 

- TT 

' -1G7 

-TO 

-117 

• %« 

• ** 

' — IT'S 

+11-7 

- 7-3 

1 -13-3 

j — 5\> 

1 -177 

i 

-172 

-25-0 

- 0-G 

H 

- 51 

j 

- 47 

1 -l-*7 

! —07 

[ 

i —17*2 

i 

-IGT 

i 

! 

-210 

J 

\ 

1 -133 

1 -10-3 

} 

j 

1 -117 

-212 

- 67 

- M 

! 

1 

( • 

I -2IT 
( 

1 

i -25-8 

1 

i 

i 

f —5*# 

4 

1 

1 a-* 

1 

i 

; -IP-' 

i 

i 

f 

« 

1 

f 

J 


'■>^7 

♦**-*# 


■*- ” 



-■ 



1 

J 

art. , 

Nor* vs It. 

tSTTP *» 

i 

i 


? 

■ 




i 1 




1 

!- 5\si 

-23-3 

+0 2 

- 17 

- 02 

— 7 '* 

f ' 

- 20‘ 

-108 

+2.3 

- 27 

+ 00 

- 17 

|- 57 I 

-137 

+10 

- 12 

— 1*2 

- 37 

_ 00* 

-115 

+17 

— 32 


— O 4 

-107| 

-137 

-17 

-31 

- IS 


*Vo 

1 

-100 

-OT 

- 0.3 

+ .37 

+ T-S 

i 

3-3 

- 50 

—2 1 

- 7 0 

+12 0 

•f* * r» 


1- n-.'i' 
!- .-s 
j- I'C. 
s-r. 

I 

IT ! 


- 40 ’ 


- 01 ! 

I 

. G 1 ‘ 


-101 


! 


- 5.-C 

- 07 

- 5 5 

- 5 & I 

- 1-0 
^.o 


i" 

r 

L i-oj 

1- 5 

2 - 0 ' 

1-0, 

{ 

it! 

i-i; 
33’ 

O. I ' 
** 

*“- 0 i 
♦ • , 

1 V 

14 

! 

i'l ' 


- 7^j 

-11-G i 


-I'S ! 
-00 
.^ic 
+20 
-0 2 
+ ; ; 
-17 

+23 I 

! 

-1-5 

1 


^ u'lll 

- 52 ! 
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THE TOrNDS OP KEKRACnEE, 


' TABLE 

Daily Means of I he Korfh and East Comyonenh 


Velvety in 






JiKUAET. 

FinKPABr. 

SlABcn. 

Apkib. 

JIlT, 

• 

-h- 

Dil*'!. 


North. 

East. 

North. 

East, 

North, 


North. 

1 

East. 

North. 

East. 

1 




+ 6-4 

— 03 

— 2-9 

— 3-5 

— 2-6 

6 

r~t 

1 

— 6-4 

— 13-6 

—11-6 

-25-Y 

2 


... 

... 

— 2-2 

— 0-4 

— 4-2 

— 4-7 

- 3-7 

— G'9 

— 9-4 

—13-4 

— 81 

-220 

3 

... 

« « * 

... 

— 1-1 

— 1-0 

+ 83 

—12 6 

— 51 

—14-7 

—101 

-15-3 

— 7-6 

- 17-3 

4 

... 



— 01 

— 3-8 

4- 3-8 

— 08 

— 4-8 

—111 

— 8-2 

—11-8 

- 66 

—166 

5 



... 

— 20 

— 40 

+12-7 

+10-2 

— 9-9 

- 7-5 

— 71 

—16-7 

— 5-1 

-19 6 

G 



... 

— 5*1 

— 8'5 

+ 6-1 

+ 1-2 

—121 

— 13-9 

— 9-4 

—ISO 

— 3-9 

—169 

7 

... 


... 

— 7-3 

—14-3 

+ 4-2 

+ 3-6 

— 6-2 

— 134 

— 7'0 

—20-1 

— 3-7 

-20-3 

8 

... 


• a« 

— 1-3 

— 0-2 

+ 1-5 

— 5-6 

— 21 

-17-0 

— 5-8 

—20-6 

— 6-6 

— 88 

9 

... 

« *• 

• 44 

— I'l 

— 3-2 

+ 09 

—103 

— 3-2 

— 165 

— 4-7 

—21-6 

— 4-6 

-191 

10 

... 

■ 44 

... 

— 3-3 

~ 09 

— 05 

— 6-6 

— 2-3 

— 17'8 

— 3-3 

—20-3 

— 26 

—144 

11 

• •a 

• •4 

... 

— 29 

— 0-0 

+ 8-9 

+ 9-6 

— 4-2 

— 16-3 

— 8-8 

—15-5 

— 4-2 

— 6-6 

12 

« * • 


... 

— 2-5 

— 21 

+ 4-3 

+ 8-6 

— 8-6 

— 17-2 

— 39 

-19‘0 

— 6-6 

— 8-0 

13 

... 


... 

— 40 

— 13-2 

+28 2 

+13-4 

— 68 

—191 

+ 06 

—28-6 

— 62 

—23-0 

14 


* •<* 

!*• 

+ 22 

— 17'7 

+ 7-5 

+12-6 

— 4-9 

-17-4 

— 5-2 

-11-8 

- 5-4 

-2S'7 

15 

« ■« 

*•4 

4 • • 

+ 6*4 

— 8-6 

+ 4-9 

— 51 

— 4-4 

—15-2 

+ 2-fi 

— 8-7 

... 

... 

IR 

■ 44 

... 

«4 ■ 

+ 4-1 

— 9-2 

+ 4-3 

— 6-6 

— 30 

— 16-6 

+ 30 

— 3-7 

4 • » 

... 

17 

... 


• 4 * 

h 1-8 

— 66 

— 1*6 

— 31 

... 


+ 2-6 

— 61 

— 31 

-181 

IS 

... 

... 

... 

+ 4-G 

—150 

— 1-2 

— 5-4 

— 2-5 


-01 

— 9-0 

— 6-2 

—15-9 

19 

... 

14I 


+ 12-5 

—121 

— 0-2 

+ 0-8 

— 1-6 


— 2-S 

—14-0 

— 7-6 

—148 

20 

... 

... 

... 

+ 10-4 

+ 3-4 

— 1-8 

— 4-6 

+ 0-4 

— 81 

... 

... 

44* 

... 

21 



4 11 

+ 41 

+ 0-7 

+ 0-1 

— iro 

— 0-8 

— 9-3 

— 7-4 

-13-4 

— 8-2 

—187 

22 

... 

m m k 

• 4« 

— 0-6 

— 4-8 

+ 2-7 

— 8-9 

+ 0-7 

—11-0 

— 9-0 

—13-7 

— 6-6 

—22-5 

23 

... 


■ 4 f 

+ 24 

— 1-6 

— 21 

— 2-2 

— 2-6 

—12-6 

— 4-5 

—14-0 

— 4-4 

—13-2 

24 

... 


• «4 

+ 51 

— 42 

+ 1-2 

— 4-C 

— 4-8 

—10-7 

— 6-6 

—17-0 

— 4-4 

—22 0 

23 

— 


... 

+ 6-7 

— 11 

+ 5-7 

+ 60 

— 6-1 

—10-4 

— 6-7 

—19 6 

— 3-8 

— £2-7 

2G 

... 

... 

... 

- 21 

+ 0-6 

+ 7-9 

+ 3-9 

— 5-9 

— 3-8 

— 6-6 

—20-3 

— 61 

— 24-S 1 

27 

... 


... 

00 

— 11 

— 1-2 

— 31 

— 6-2 

— 9'3 

7.4 

—21-8 

— 62 

—23-3 

2H 

• *« 

... 

4 • • 


— 3-7 

+ 3-3 

— 8-7 

— 6-2 

— 14-9 

_6-7, 

—24-4 

—11-0 

—228 

29 

... 

... 

4 • * 

+ 8^7 

— 9-4 

«•» 

• • • 

— 4-4 

—15-4 



—13-4 

—21-0 

30 

... 


4*f 

+ 1-3 

— 61 



— 1-4 

—20-5 

— 6-4 

—20 9 

— 8-8 

—21-2 

31 



*4 4 

+ 0-9 

— 1-2 

... 


— 2-4 

—18-4 

... 

... 

■ 

—230 














THE T7INDS OF KTIIlRACIlEE 


2D9 


III. 


of ilie Wind at Knrrachee in the year 1875. 

miles •pee hour); 


Jens. 

JUIY. 

Aogost. 

SCFTEITBES. 

OCTODEH. 

NorEUDL'B. 

DrcsiiBii. 

North. 

East. 

North. 


North. 

East. 

North. 

East. 

Nottii. 

East. 

North. 

East, 

North. 

East. 

— 6-8 

— 19-7 

—15-4 

—25-1 

-15'6 

—23-1 

■ 

— 16-5 

— c-i 

-11-4 

+ 27 

— 49 




... 

— 12-3 

—29-4 

— 22’2 

—22-2 


—15-6 

— 9 7 

-11-8 


— 2-1 

+ 29 

+ 37 




-27*2 

■— 17-9 

— 22-3 

— 6-6 

—14-5 

—11-2 

— 16'2 

... 

... 

+ 09 

— 1-4 • 

— 31 

—21-3 

— 9-1 

—231 

—191 

—23-5 

— 8-9 

—147 

—150 

— 22*7 

+ 0-3 

— 1-8 

+ 01 

— 1-2 

— 6-7 

~ 6-0 

-13'9 

—190 

—18-1 

—217 

- 7-1 

—17-2 

— 12‘4 

1 

—22-1 

- 17 

- 0-2 

+ 25 

— 0-8 

—11-1 

—11*3 

— 9-2 

— 16-4 

— 13-2 

—24-5 

i —10-5 

j —13-3 

— 6-4 

—13-4 

— 2‘3 

- 47 

+ 99 

+ 59 

—10-8 

- 7-8 

— 2-0 

— 6-3 

— 7-3 

-21-3 

— 8-5 

—157 

— 02 

— 27 

— 2-9 

- 5-9 

+159 

+ 89 

— 5-9 

—10-2 

— 6-5 

4- 5'2 

-10-1 

-16-2 


— 185 

— 0-8 

— 41 

— 25 

- 77 

+ 7'4 

+ 51 

— 60 

— 11'7 

1 

-13-2 

+ 0-9 

—11-4 

—11-5 


— 17-G 

— 39 

— 3-4 

-09 

— 6-2 

+ 7-4 

+ 6-8 

~ 8'3 

-13'0 

— 157 

—29-4 

-m 

—139 


— 11-G 

— 3‘1 

— 6'4 

— 29 

- 77 

9*4 

+14-0 

-ir4 

.-16-5 

— lO-l- 

—23-1 

—127 

—219 

— 89 

—14-2 

— 3 9 

- 84 

— 3-9 

; — 79 

+ 09 

- 19 

—11-0 

— 27-G 

* <*• 


— 9-9 

—21-4 

— 62 

—16-2 ' 

1 

— 6-5 

- 8-2 

+ 1-2 

- 6-6 

+ 29 

— 0 9 

—12-8 

-32-5 



-10-1 

—23 2 

— 9-4 

—20-2 

— 79 


+ 07 

+ 29 

+ 3-5 

+ 0-6 

—12-7 

. —307 


k •• 

—11*6 

—24-5 

— 81 

— 12'1 

— 4-3 


- 1-4 

— 09 

+ 8-4 

+ 5'9 

— ll'l 

—31-0 

—14-4 

—23-3 


-2G-8 

— 90 

—107 

— 3-5 


— 1-3 

- 4-4 

+ 4-1 

— 4-1 

—11-4 

-27-8 

—157 

-21 9 

— 9-2 

—27-1 

... 

1 

— 5-1 


— 2'4 

— 4’8 j 

+ 2-5 ! 

— 1-9 

— 6-6 

-19-7 


—19-8 

— 6-5 

-27*2 

— 21 

—10-3 

— G9 

- 97 


— 3-3 

+ 6-5 

+ 29 

— 4'9 

—13-6 

— 7'1 ! 

—15-2 

- 4-2 

—22-5 

+ 7-8 

+ 3-6 

— 61 

— 7-3 


— 2-7 

8'3 

+ 0-4 

— 5-5 

—19-8 

— 13-2 ' 

—25-1 

— 89 1 

—14-1 

+ 29 

— 67 

— 41 

— 8-1 

*.« 

... 

— 39 

— 09 

~ 7-2 

— 23'6 

1 — 7-9 ; 

1 

-11-8 

— iO'6 1 

— 8-4 


• .« 

- 9-2 


la. 

... 

— 19 

— 89 

~ 8‘7 

— 23'4 

— 9-6 ! 

-10'4 

— n-i : 

1 

—11-6 

... 


— 0 4 

— 27 

■" 

... 

— 87 

+ 7-8 

— 7-6 

-30 7 

— 10-1 

— 15-0 

—14-8 

-31-3 

... 

... 

+ 2-5 

— 5-5 


... 

+ 69 

+ 60 

— 10'6 1 

^ — 3l‘S 

—11-2 

—18-4 

—14-9 

—237 ' 

—129 

—239 

— 0-2 

— 40 


... 

+ 17 

+ 6-4 

— 8-4 

—25-0 

— 12-6 

—21-9 

—157 

—230 

—11-4 

—14-8 

+ 1-3 

— 37 

... 

... 


+ 0-7 

1 

— 9-8 ! 

—217 

— 39 

—27-4 

— 15-3 

—21-6 

—11-4 

—11-6 

— 0-5 

— 1-8 

t*. 

... 


+ 11-8 

1 

• t* 

— 3 6 

—19-3 

— 9-6 

— 20-2 

—120 

—199 

— 11 

— 38 

«#. 

... 


+ 4-8 


«■« 

— 7-G 

— 12-3 


—18-1 

... 


— 3'4 

— 7-4 

+ 2-8 

+ 69 


— 7-7 

— 7-4 

—30-6 


• •• 

— 5-8 

— 17'6 

... 


— 49 

— 8-1 


+ 8-8 

+ 69 

— G'5 

—13-3 

— 28'1 


■ • * 

— 7-3 

—15-1 

— 5-9 

—209 

— 4-2 

— 6-2 

rag 

+12-1 

+ 119 

+ 189 

~15-1 

— 22-8 

—16-9 

— 24-6 

— 37 

— lG-4 

— 5*4 

—140 

— 31 

— 7-9 

• * 1 

... 

+ 3 0 

+ 1-6 

... 


— 20-.1 

—247 

— 47 

— 163 


... 

— ri 

- 59 

4.1 


+ 67 

— 0-3 
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THE WINDS OF KUERACHEE 


table 

Monilify, Ralf-yearly, ami Yearly Means of the Hourly and Daily Vnlues of thg 
' [Vetoeity in 
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Rorfh and East Coinponents of the Wind at 'Knrrachee in the year 1S73, 

mites per hour). 


OcTOBEB. Notsmbee. Decbkbbb. 


Sbbteubeb. 


North. East. North. East. North. East. North. East. North. East. North. East. 


Aerii. to 

SErTEltBB*. 


YSiB. 


North. East, North. East. 


4-2 ' G-2 


+ 7-4 + 2-3 + 4'7 - 3-7 - C-2 



- 6-9 -lG-7 -4-6 ~lC-2 '-fOS 

- 6T -18-7 -Sg -17-4 +1‘3 

- 5-4 -18-8 -2-8 -IG l +1-1 

_ 6-7 -18-0 -20 -17-3 +0-9, 

- 63 -168 

_ 7-0 -18-0 

- 4*7 -16-8 
-18-1 

- 6-0 -17-2 

7-8 '-IS G -4-2 -18’3 

- 8*5 -18-3 -51 -18-0 

- 9-7 -19-7 -6-2 -19'8 

-100 -19-4 -6-7 -19-9 

-11-8 -20-3 -6-5 -20-3 

-11-4 -19'6 -7-9 -39'8 

-11*3 -20’6 -7-2 -18-9 

-ni -19-2 -81 -18-2 

-11-7 -31-2 -8-8 -17-6 

-10'4 -18-5 -80 -161 -4-6 

-10-7 -17-5 ^7-6 -16'5 

- 8-6 -IG'G -7‘4 -14-3 ^ 

- 8 8 -171 -7-4 -16-0 -0-2 

* 

-161 -60 -161 - 

— 17‘6 — 6'G — 16'6 "1 

- 8-4 .-18'3 -5-0 -17-2 


- 6-3 

- 6-2 

- 4-8 

- 4S 

- 4-4 I 

— 0-8 - 4-4 - 17-3 

— 0-7 — 4*2 — 16'9 

~ 0‘8 — 6-6 —18 8 

- 7-7 — 18-0 — 2'7 
— 19-3 —61 
— 19-7 —6 9 1 

I 

— 7*2 — 11-3 — 21-0 — 8-4 

_ 9*4 — 1T3 — 20-5 — 8-4 

_ 11*3 — 12'0 — 21-2 — 9 - 0 1 

— 11-5 — 11-8 — 20-4 —84 

I 

—111 — 12-6 — 21‘3 —81 

— 9-4 — 11-3 —191 — 6-5 

— 8-5 —10 9 — 18-8 — 6-7 

— 6-5 I - 9-2 - 17-1 - 4-5 

— 8'3 —181 — 3-7 


—10-9 

—106 

— 10-8 

— 97 
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THE TVIKES OP KTJRRACHEE 


TABLU 

Monthlj/, Half-yearly, and Yearly Means of the Houily and Daily Values of 

{Velocity in 


„ 

SusvyRt, 


ilAHCn. j 

Afeil. 

Max. 

Stmt. 

Jrty j 

Hoxrs. 

Korth. 

East. 

Isorth. 

East. 

Korth. 

Fast. 

Korth. 

East. 

North. 

East. 

North, 

East. 

Nortij. 

fiist. 



+3 9 

+r9 

- 62 

-1-0 

-157 

-27 

-12 9 


—154 

— 8-1 

—18 0 

-99 

—15 9 



+3-8 

+2 6 

— 40 

+0 5 

—137 

—1-6 

—14 0 

—5-9 

—14*9 

— 7*2 

—16 6 

-107 

—155 



+5-1 

+2 8 

— 4‘1 

+1-0 

—14-6 

—1-3 

—14 5 

— 5-5 

—15 5 

— 8-8 

—18*6 

-9-7 

—15 2 

s 


+46 

+3-6 

— 33 

+1-9 

—11-8 

—1-8 

—139 

—47 

—15 0 

— 67 

—167 

—10 7 

-17*5 

4 

+ 80 

+5-4 

+48 

— 2-3 


—111 

—09 

—13 4 

—5*1 

—14-4 

— 6-4 

—18 8 

-9 7 

—173 

& 

+ 7G 

+5-3 

+3‘9 

— 1-2 

+21 

—101 

—0-2 

—11-6 

—6*1 

—14*5 

— 62 

—18 6 

—80 

-167 

6 

+ 7G 

■4*6 3 

+5 0 

+ 06 

+2 9 

— 98 

00 

—10 0 

—53 

—14 6 

— 47 

-177 

—66 

—17 8 

7 

+ 80 

+5-1 

+51 

+ 1-5 

+3 5 

— 90 

—'-0 c 

—10-3 

—5-2 

—149 

— 46 

—18 0 

—83 

—165 

8 

+ 88 

+5*2 

+3’2 

+ 1-7 

+2 3 

— 89 

—26 

—110 

—68 

—15 9 

— 52 

—17*6 

-73 

—162 

9 

+ 85 

+S‘3 

+3 2 

+ 09 

+0 3 

— 7*5 

*~4*8 

—121 

-7 7 

—15 6 

— GO 

—17*1 

-7-1 

—14*1 

10 

+ 8-2 

+8 8 

+1-3 

00 

— 1-8 

- 87 

— 7'6 

—13 4 

—10 9 

—160 

— 80 

—18 0 

-8*1 

—160 

11 

+ 60 

+8 0 

—2-2 

— 1*2 

— 4*0 

—10 0 

—81 

— 14-6 

—11-7 

—178 

—10 4 

—18*1 

—85 

m 

Rooii 

+ 3-7 

+5-7 

—38 

— 4-7 

—7-3 

—12 7 

—104 

—18-1 

—12 4 

—19-7 

—22*2 

—21*3 

-91 

—140 

13 

Tr2 

+3-1 

—59 

- 77 

—91 

—153 

—10 6 

—182 

—127 

—19 9 

—12 7 

—18 7 

—10 8 

—149 

14 

+ 02 

+2-2 

—6-5 

—10 3 

-8 6 

— ISl 

—11-4 

—204 

—13*2 

—19*1 

—15-4 

—20*9 

-12 7 

—14 8 

15 

—21 

— 0-6 

—58 

—110 

—86 


—110 

—200 

—14-4 

— 20*6 

—15-2 

—194 

—13 0 

—146 

1C 

—02 

H 

—38 

—12 3 

-r-G 

-187 

—109 

—20 0 

—13 3 

—19*6 

—166 

—20*4 

—13 0 

—16 9 

17 

+ 04 

1 

—47 

—142 

-6 7 

—181 

—11-3 

—18 7 

—13-4 

—18*9 

—15-6 

—19 3 

—11*6 

—165 

18 

+ 07 

—1-3 

—36 

—13-8 

—80 

—187 

—101 

—18 6 

—13 2 

—17*8 

—16-1 

—19*1 

—109 

—162 

19 

+ 1-3 

—04 

-2-0 

—12 0 

—61 

—162 

— 92 

—16 8 

—11*0 

—15*8 

—12 7 

—17*9 

—10 7 

—149 

20 

+ 28 

+20 

-09 

— 101 

—5-2 

—176 

— 7-4 

—16 0 

—10 4 

—15*0 

—11*1 

—19 0 

—104 

—162 

21 

+ 40 

+16 

H 

— 94 

-3-4 

—160 

— 59 

— 16-1 

— 90 

—14*1 

—10*4 

—17*8 

— 96 

—14 9 

22 

-*-40 

+2 8 

—0-7 

— 90 

-1-9 

—17-0 

— 4-3 

—13-3 

— 7*1 

—14*6 

— 89 

—17*4 

—100 

—13 4 

23 


+2 7 

+ 0-4 

— 63 

—1-6 

—15 8 

— 4-3 

—14 0 

— 65 

— 15-4 

— 8*2 

r-17'1 

— 86 

—IS 8 

Mfsn ... 

m 

Hi 

00 

— 5-8 

—27 

—13 0 

— 58 

—15-0 

— 91 

—10 5 

— 9*8 

—38*4 

— 98 

—15 7 
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V. 

North and East ‘Coniponcnfs of the JFind at KiirracJiee in ih year 1874. 

miles per hour). 


AtJQCSi. I 

SlFISUBCB. 

Octobbb. 

NoVBStBEB. j 

D«CElttjEIt. 

OCTOBEt to j 

MAttClT» 1 

ArBII. TO 
SErtsueEs, 

VSIB. 

North. 

Kaat. 

North, 

East. 

North. 

East. 

North. 

East. 
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+500 

+ 1*43 

—0-63 

—10-27 

— 3*93 

—13*70 

— aio 

—10*13 

— C'83 

— 10'?3 

— oso 

-19*20 

10 

+7-57 

+3-43 

+3-67 

+ 1-00 

—3-00 

—11*70 

— 6*50 

—13*83 

— 8*40 

—17*10 

— 7*86 

—20*13 

-10-20 

—19-24 

H 

+3-r? 

+2-40 

—0-44 

— 0-60 

—6-26 

—13*60 

— 7*70 

—15*80 

— 9*77 

-18*27 

— 0*50 

—19-83 

— 10-80 

— ID-iO 

Noon ... 

+1-74 

+0-46 

— 2’20 

— 8'34 

—8-30 

-15*54 

— laoo 

— 18-OG 

-10*47 

—19-07 

-11*33 

-21*00 

—11*37 

—1907 

IS 

— 1’26 

—1-80 

--4'00 

— 5-74 

—9-43 

-17*17 

—10*50 

—19-26 

—11*30 

—20-30 

—12*30 

' 

-2097 

— 12*6o 

— 19'41 

14 

— S'30 

— 3'40 

—4-70 

— 8-37 

-8*83 

—19*40 

—10*66 

—20*46 

—11*97 

—20-57 

—14-10 

-21*37 

—13*43 

— 19-57 

15 

— 4-20 

-5-77 

—5-23 

— 097 

—9-33 

—19-24 

—10*60 

—20*90 

—12-53 

—20*93 

—14 46 

—21*40 

—14*33 

-1967 

IG 

— 3‘4G 

—7-54 

— 4-40 

—10-80 

—806 

—18*74 

—10-13 

— 20-36 

-11*53 

-20*70 

—15*40 

-22*13 

—14*23 

—19-07 

17 

— 2-4G 

— 7-67 

— 396 

—11*14 

—7-83 

—18*14 

—1016 

—20*30 

— 4*30 

—20*53 

—14*73 

—20*73 

-14*13 

1 

-19-97 

18 

— 1-ie 

—7-27 

—205 

—10-80 

— 7-ls 

—17*30 

— 9*30 

—19-46 

-10-07 

—19*40 

—14*40 

—20*53 

— 13‘4C 

— 16-44 

19 

— o-s: 

—6 -4C 

— 1-OE 

— 9*80 

—6*0; 

—1614 

— 8*60 

-18-26 

^ 7*77 

—17*57 

—12-85 

—19*81 

— 13*9[ 

—18*37 

20 

+oc: 

— 4-C^ 

—OK 

) — 7*84 

— 4*7( 

3 —15*27 

— 6*96 

—16*73 

— 6-97 

—16*50 

— irot 

—19*5: 

— 12*2‘ 

-17-77 

21 

+l‘7( 

3 — 4'6’: 

+0‘7( 

3 — 7-10 

—3*2 

3 —14*04 

— 6*03 

—16*40 

— 6-03 

—15-23 

-lO-Ot 

—19*8! 

—11*5’ 

r —17-67 

22 

+1-G‘ 

7 — 3-2’ 

f +1*7 

0 — 6-37 

—2-1 

3 —14*24 

— 4*36 

—1510 

— 5*17 

—15*43 

— 9‘0: 

—18*8; 

—11*3 

( — i7-6i 

23 

+2-i 

0 — 2'8- 

i +2 9 

0 ~ 4-94 

—1*5 

G —14*07 

— 3‘GO 

—15*40 

— 4-87 

-1613 

— 9-6C 

— 19*5" 

3 —10*2 

0 -17*80 

Mfju ... 

+3-1 

7 — l-C 

7 +1'G 

7 — 4*37 

— 

3 —13*87 

— 5*43 

-16*13 

— 7-10 

—17*30 

— 9*7C 

— ig-9( 

i —11*3 

0 —1897 
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J^orth and East Com]}oneiiis of the Wind at Kwnachee in the three -years 1873 to 1875. 

* > 

miles per hour.) 


Sppiejhjeb. Ocsobee, Novbmdeb. DecBjiBE*. 


APBtt to 
Srpri'UiieE. 


North. 

East, 

North. 

East. 

North. 

— 8-33 

—1900 

x- 

o 

I 

—15-17 



G^O+^-S? 


8-10 —19 GO — 3'60 — 14'93 
7’23 —20-40 —3-44 — 14-43 
8-43 —19 80 —2-97 —14-67 
7-63 —1910 —2-17 —14-70 
7-90 -19 73 —2-04 —14-73 

s 

6-13 —19-07 —2-04 —14-53 
■ 7-OG —19-80 —1-90 —15-57 
. 7-20 —19-50 —2-50 —15-20 
. 7-63 —19-83 —4-50 — 17'20 
. 8-56 —19-70 —6-10 — 17‘33 
■'9-201 —19-83 —6-54 —18-03 


.-9-86 —19-53 -7-07 —18-0-^ 


— 4-10 — G-24 

— 8-43 — 6-07 

— 3-07 — 6-68 



— 10-5S 

— 10-3S 
—10-29 


— 2-54 — 5-65 —17-39 —0-28 — 9-96 


+8-57 +4-60 


1-80 — 5-10 —17-05 
5 — 4-77 —17-03 
— 4-43 —1637 



— 9-42 

— 0-04 

— 8-39 


6-00 4-5-30 




-11-30 — 19*o0 -7-80 — lS-20 
-12-30 ~20'50 —9-04 —18-37 
-12-83 —20-70 —8-57 —17-631—10001-14-80 
-12-93 —19 93 —9-34 —17 00 
-12-83 —20-07 —8-60 — 15-77 j 
-12-33 —19-00 —7-50 —14-43 
-12-13 —18-43 —7-04 —13-83 
-10-7G —17-60 —6-30 —12-60 
-10-40 —17-90 —5-90 —13-60 

- 8-5G —18-18 —4-87 —13-97 
_ 8-76 —19-57 —4-44 —14 20 

- 9-53 —19-40 —5-27 —15-60 


■ 8-90 

—2 00 +0-84 +4-20 +5-76 

■10 70 

—5-60 —103 +1*44 +4-20 
: 1 

■1213 

1 1 
—7-33 —2 53 —0-70 +2-36 

■13-90 

—7-33 —5-30 —113 +0-33 


— 4-70 —16-89 4-0-45 — 8-31 

— 6-12 —16-82 +0-11 — 6-35 

— 6-47 —17-63 —1-05 — 9-01 

— 0-88 — 7*77 —17*88 —3-18 — 9-38 

— 2-34 — 8-92 -.18-52 -4-96 —10-43 

— 4-33 —1002 —19-03 -6-72 — 11'69 

— G-17 —10-97 —19-61 —8-13 —12-89 

— 834 —11-92 —20-14 —8-79 —14-24 

—12-22 -20-20 —9-27 —15-10 

—10-88 —12-24 
-10-64 -11-96 

— 9-91 

— 8-57 


~8-8S| -15-42 



42-97 

+0 20 

—0-80 

+3-74 

+0-S0 

1 

+0-17 

+5-20 

1 

+0-56 

+1-37 

+6-77 

+1-50 

+2-52 


8-13 +0-90 —1-93 
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table 

IFcan dhirnal variation of the Korth and Uasi Comjwiienfs of iltc Wiml at Knrrachc 

y tyelocit^ is 


Jlocn. 

jAirriJiY. 

EEBJlCiSY. 

M^scn. 

Arait. 

Mat. 

JCKE. 

JtrtT. 

Nortt. 

East. 

North. 

East. 

North. 

East. 

North. 

East. 

North. 

East. 

North, 

East. 

North. 


Midnight 

+1-77 

4-0-43 

4-2-40 

—0-10 

-f2-93 

4-100 

-f.3-23 

-{-1-SO 

4-2*33 

4-1-17 

4-1-77 


4'1'17 

+0-37 

1 

+2-77 

-fO-60 

-J"3“47 

4-1-27 

4-3-90 

+1^80 

4-3-50 

4-0-90 

4-2-57 

4-1*27 

*|-2*47 

sSBul 

-fO-30 

-007 

S 

-f3'63 

4-1-67 

4-4-40 

4-1-77 

-f4*07 

-fl-53 

4-4'17 

4-0-93 

4-3-07 

4-0-70 

4*1-67 


4-1-27 

4-0-43 

3 

4-4-20 

-f-1-63 

-f4‘S3 

-f-2’30 

4-4-33 

4-2-30 

4-400 

4-087 

4-3*37 

+1‘50 

4-2-93 

4-0-97 

-|-0-80 

-0D3 

4 

4-l'37 

4-2-47 

4-5-13 

-f-3-37 

-f4'20 

4-3-17 

4-4-33 

4-l'80 

-f3*40 

4-2-20 

4-3-23 


•4-1*80 

—0-47 

5 

4-4-53 

-t-3*77 

-h4-23 

4-4-57 

-t-4*43 

-J.3-43 

4-1-77 

4-2-80 

4-3-60 

4-2-00 

-f4*33 


4-2-20 

—0-97 

6 

4-4-53 

-f3-80 

4-4-47 

4-5-17 

-f-i-sa 

-f4-13 

4-4-97 

•f“4“53 

4-3*60 

4-2-37 

4-4-20 


4-2*50 


7 

4-4-63 

4-3-90 

4-4-63 

-f5-47 

-fS-qr 

4-4-90 

-i-4-73 

-f4'03 

-j-3-47 

4-1--17 

4-4*50 


-fl-63 

—0-27 

8 

4-4-60 

4'4-37 

^4*50 

4-5-53 

4-4-47 

-f-4-53 

4-3-63 

-f-3-93 

4-2*13 

4-1*80 

4-4*40 


4-2*37 

-0-37 

9 

4-4-83 

4-4*37 

4-3-33 

4-5-80 

4-2-60 

4-3-60 

4-1-50 

-|-2*43 


4-1-17 

-f2*00 


-fl‘50 

-0-23 

10 

4-3-40 

4-5-10 

4-2-00 

4-8-S7 

— 037 

4-2-17 

—1-07 


—1-30 

4-0*20 

4-1*87 

—0-23 

4-1-10 

—0-27 

11 

-I-0-60 

4-4-07 

—1-23 

4-3-87 

—303 

4-0-27 

—2-27 

-fO'33 

— 2*67 

-0-97 

-i-0*23 

4-007 

4-0-50 

—0-43 

Noon 

—1-43 

4-2-13 

-3-87 

4-1-03 

—5-07 

-1-67 

-4-57 

—1*93 

—3-37 

-1*77 

. — I'OO 



4-0-10 

13 

—4-43 

—0-13 

—5-67 

—1-37 

—6-20 

-3-30 

—5-07 

—3-13 

—4-20 

—3-00 

—2*67 

—1-07 

—1-30 

—0-47 

14 

-5-47 

—1-73 

—6-37 

—4-00 

—6-60 

-5-53 

—6-23 

—4-33 

-4-87 

—3*27 

—4*37 

-1*47 

—2-13 


15 


— 1*10 

—6-90 

—5-60 

—6-10 

—5*37 

—5-17 

— 4'77 

—5-43 

—3*63 

—4*73 


—3-03 

-0-70 

16 

— G63 

—5-87 

—607 

—6-33 

—4-83 

— 4-87 

—4-70 

—4-23 

—4-43 

—3-40 

—5*67 

-223 

—2-93 

-0-70 

17 

—5-63 

— 5-90 

—5-63 

—6-77 

—4-60 

—4-27 

—4*73 

-4-17 

—4-20 

—3*23 

—500 

—0 83 

—2-83 


IS 

—4-33 

—5-60 

—3-70 

—6-43 

— 3*90 

— 3'.i3 

—3-87 

' 

—3-33 

—2-97 

—2*10 

—4*67 

—0-60 

—2*10 

4-0-63 

19 

-3'dO 

—4-73 

—2-73 

—5-43 

—2-80 

—2-27 

—3-17 

—2-13 

—0*67 

—0-27 

—3*10 

4-0-07 

-2-63 

4-0-60 

20 

—2-50 

—2-97 

—1*57 

-3-47 

—1-53 

—1-40 

—1*53 

—0*60 

4'0'13 

4-0-90 

—2-23 

4-0-37 

—0-97 

-fl-20 

21 

—1-70 

-2-30 

—0-07 

—2-83 

4-003 

-0-77 

—0-60 


4-1-17 

4-2-07 

—1-23 

4-0-07 

—0-27 

4-1-30 

£2 

—1-30 

— 1-GO 

-f-003 


4-1-10 

—0-37 

4-1-07 


-fl‘93 

4-1-87 

—0-20 

+1*07 


4-1-03 

23 

-^0*77 

B9 

-fl-23 

—0-57 

’4-1-67 

4-0-20 

S 

4-0-73 

4-2-23 

+1^17 

■+1-07 

4-0 37 

4-1-10 

4-1-17 


























THE WIXDS OF KURRACHEE. 


.309 


VIII. 


in each month, in the jmnter and shimmer half-years, and in the whole year, 
miles per hour). 


Acodst. 

SCIfBUBEB, 

OCTODEB. 

Notembee. 

Eeceubeb. 

• 

OCTOBEE TO ilsECn. 

AfEIE to SBtTKUBXE. 

TiiB. 

North. 

East. 

North. 

‘ East. 

North, 

' East. 

North, 

East. 

North. 

East, 

North. 

' 

East, 

North. 

East, 

N. Hh. 

East, 

+1-20' 


4-1-20 


4-3-00 

4-1-93 

+3'G7 

4-0-27 

+2 53 

-0-20 

+2-72 

+0’5G 

+ 1-82 

+0-S2 

+2-27 

+0-69 

+1-43 


4-1-67 


, 

-i-3-27 

4-2-20 

4-3-97 

4-1-17 

+2-90 

+0-33 

43-38 

+1-23 

+1-99 

+0 56 

+2-CS 

+0-89 

+2-30 


4-1-83 

4'1-17 

4-3-47 

4-2-87 

4-1-S7 

4-1-53 

+3-47 

+0-30 

43-98 

+ 1-59 

+2-38 

+0 3G 

+3-18 

+0-9S 

+ri3 


-H3-30 

4-0-93 

4-3-87 

-f3-40 

+510 

+213 

4-4-17 

+0-97 

+4-37 

+2-12 

+2-41 

+0-49 

+3 39 

+1-31 

+T90 




■| i‘37 

4-4-03 

4-4-77 

4-2-93 

+4-23 

+1-20 

+4-51 

+2 86 

+2-90 

+0-83 

+3-74 

+l'8i> 

+T63 

—0-33 

4-3'23 

4-0-87 

4-4-63 

-f-4-80 

4-5-47 

4-3-50 

' +3-80 

+2-57 

+4-52 

+3-61 

+3-29 

+0*85 

+3-91 

+2*23 


4-0-33 

4-3-23 

4-1-07 

4-4-90 

4-5-37 

4-5-97 

4-1-13 

+ 1-07 

+2-97 

+4-79 

+4-26 

+3-63 

+1-51 

+4-21 

+2-88 

+2-47 


4-3-37 


4-4-83 

-1-0-27 

-f*D'S0 

4-6 70 

+4-37 

+3-33 

+4-89 

+4-93 

+3-36 

+0-99 

+4-12 

+2-96 

+2-33 

—0-10 

4-2 77 


4-5-03 


-f-5-00 

4-5-57 

+4'10 

+3-70 

+4-62 

+4-77 

+2-94 

+1-06 

+3-78 

+2-92 


-0-43 


—1-60 

4-3-43 

4-3-13 

+4'40 

4-4'67 

+3-80 

+4-00 

+3-65 

+4-26 

+1-59 

+0-25 

+2-62 

+2,-26 


—0 30 


—1-73 

4-0-27 

-fl-33 

4-0-63 

+-1'33 

+1-83 

+4-40 

+0-68 

+3-78 

+0-29 

0 00 

+0-80 

+V89 

+0'33 

—0-43 

—1-27 

-2-43 



—2-90 

-f-2-77 

—0-57 

+3-73 

—1-72 

+2-32 

—0-86 

—0-64 

—1-29 

+0-84 

--0'33 

4-0-13 

—1-80 

-2-47 

—4-67 

— 2-57 

—6-50 

+0-90 

—3-33 

+2-17 

—4-14 

+0-33 

—1-96 

-1-17 

-305 

—0-42 

-1-77 

—0-10 

—2-53 

-2-GO 

-607 


—8-23 

—0-60 

—5-47 

40-33 

—6-01 

—1-51 

-2-91 

—1-73 

—4-46 

—1-63 

—2-77 

— TIO 

-3-77 

-2-77 


—5-77 

—6-23 

—3 37 

—5-90 

-1-70 

—6-39 

—3-68 

—3-86 

—2-26 

—512 

—2-97 

—3-30 


—3-30 



-6-67 

—810 

-5-93 

—6-80 

-4-37 

—7-04 

—5-34 

—4-16 

—2-32 

-5-60 

—3-83 

— 3-10 


—3-97 


■—6-50 

-7-03 

—6-93 

—7-63 

—6-50 

—5-60 

—6-24 

—6-22 

—4-18 

—2-03 

—5-21 

—4-16 


B£jG| 

—3-33 

—0-17 

-5-13 


—5-07 

—7-20 

—5-07 

-5-73 

—5-19 

— 5-9S 

—3-90 

-1-68 

-4-64 

—3-83 

— 2-SO 


—2-23 

4-117 

-3-90 


—3-27 

-6-07 

—3-63 

— i-87 

-3-79 

—5-25 

—3-11 

—0-66 

—3-45 

—2-95 

—2-60 


-1-77 

4-1-77 

-a 67 

—3-40 

—2-43 

—4*47 

—2-33 

—3-17 

-2-74 

—3-91 

— 2-33 

+0-17 

—2-63 

—1-87 

— T23 

4 -i-so 




—0-97 

—1-23 

—2-23 

-1-80 

—1-83 

—1-60 

—2-14 

—1-14 

+1*11 

—1-37 

—0-63 


-f-l-50 





—0-20 

-2-17 

—103 

—1-23 

—0-54 

— T55 

—0-41 

+1-11 

-0-47 

—0-22 

+097 

4-l'27 

4-0-40 

4-1-63 

4-1-90 

4-1-03 

4-1-77 

-0-47 

+0-43 

—1-47 

+0-66 

—0-81 

+0 68 

+1-47 

+0-G7 

+0-33 

+0-77 

-0-17 

-fO'83 

4-1-40 

4-2-SO 

% 

4 -rio 

4-2-40 

+0-40 

+2-00 

-0;53 

+1-81 

—0-09 

■+1-31 

J.0‘78 

* 

+1-50 

+0-34 
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THE T7IND3 OP KURRACHEE 


TABLE IX. 

Monthh, Salf-yearhj, and Yearly means of He Emirly and Daily V lines of the velocity of the Wind {regard- 
less of direction) at Knrrachee, hi the years 1S73 to l&ro. 

(Velocity in miles per hour). 


Bonn 

C3 

a 

g 

HS 

U 

i 

t 

CP 

& 

ra 

hi 

pi 

< 

a 

O 

n 

a 


•4^ 

w 

a 

tD 

P 

<: 

'b 

Cl 

Pi 

■u 

cn 

$z 

b 

-1 

11 

o 

e 

c > 

% 

K 

V 

B 

V 
o 

V 

p 

A 4 

O O *- 

d 

O 

) 

X o 5 

Aw O 

•=i A 

b 

CO 

Veir . 

Midnight 


11-1 

103 

14-5 

15-9 

18-1 

22-2 

23-2 

21*5 

16'3 

11-1 

V. 

6-9 

9-2 

10'5 

19-5 

15-0 

1 

... 

... 

11-2 

100 

13 9 

16'7 

m 

21-3 

23-8 

22-3 

16-4 

11-4 

' 7-0 

9'4 

lOo 

19-7 

16-1 

2 


... 

11-2 

10-2 

14*1 

16-2 


23-0 

230 

22-2 

16-8 

110 

7-1 


10-6 

19-7 

15-1 

S 

... 


11-6 

10-2 

13'5 

16"4 

17-3 

21-4 

24-1 

223 

15-9 

10-8 

7-3 

10-4 

10-0 

19-6 

161 

4 


... 

11-2 

10-2 

12-4 

15-7 

16‘5 

22-0 

23*3 

21-8 

15'8 

10-7 

7‘3 

10-5 

10-4 

19-2 

14-8 

6 

... 

414 

11*2 

9-8 

12-2 

149 

16'8 

21-3 

23'8 

22-3 

15‘8 

10-6 

8-0 

10-7 

10'4 

191 

14'8 

6 

!•* 

... 

11-3 

9-3 

11-7 

13-5 

16-4 

21-4 

22-8 

21-0 

16-4 

10-6 

8-1 

11-0 

103 

18-4 

14-4 

1 

« *« 

... 

11 -2 

9-9 

1 T 6 

14-2 

17-4 

21-1 

22-8 

22-0 

16-5 

106 

8-5 

11-5 

10-5 

190 

14-8 

8 

««« 

• 11 

11*6 

9-9 

120 

14-4 

17'3 

21'2 

23-6 

21-7 

16’4 

107 

8-1 

11'6 

10-6 

19-1 

14-9 

0 

« 1 • 

4 • • 

13 T 

10'3 

13-2 

16-2 

18-8 

22-1 

24,-2 

22-2 

19-1 

11-7 

7-8 

11-8 

11-1 

20-4 

15*8 

10 

• »* 


120 

11-5 

14-9 

17'8 


22*8 

24-4 

22-4 

193 

13-3 

7‘5 

11-6 

11-8 

21-1 

16-5 

11 

»l « 

• •• 

12-3 

n '7 

1&8 

18-7 

21-6 

23-9 

24-8 

22-8 

20-3 

15-8 

8*3 

11-0 

12-6 

21-8 

17-2 

Moon 

tie 

... 

12-3 

12-8 

19'6 

21*3 

22-4 

25-0 

24-7 

23-6 

20'7 

17-8 

9-8 

11'2 

13'9 

22-8 

18'3 

IS 

... 

... 

131 

U -4 

21'0 

22'6 

23-9 

25-2 

25-4 

23-3 

207 

19-4 

11-7 

11-5 

15-2 

23-5 

19-3 

14 

... 

... 

13-8 

15-6 

22-8 

23*8 

24‘4 

26'6 

25-8 

24-8 

20-9 

21-1 

129 

11-8 

16-3 

34-4 

20'4 

16 

... 

... 

14-7 

16-6 

22-7 

239 

25'0 

26-8 

28*4 

25-2 

200 

22*2 

14-0 

13-0 

17'2 

24-6 

20-9 

16 

... 

• I • 

160 

16-5 

21-6 

23-4 

24-4 

27-7 

260 

24-6 

19-5 

21-9 

14-4 

12'9 

17‘0 

24-2 

20-6 

17 

••• 


14-2 

16-8 

209 

23-4 

24-2 

26-2 

26'6 

24-7 

18'6 

20-4 

13-4 

12-4 

IG-S 

23-9 

201 

18 

•• 

• •• 

13-6 

15-8 

199 

22-4 

22-9 

25-8 

24-5 

23-6 

J 7 l 

19-0 

12-2 

/ 

11-2 

15-3 

22*7 

190 

19 


• •• 

13-2 

14-6 

18-4 

21-0 


24-8 

24-8 

22 9 

16-3 

16'9 

10-8 

10-3 

140 

. 21'7 

17-9 

20 

114 

» t » 

13-1 

13 0 

17-1 

190 

18-8 

24-0 

23-3 

21-6 

14-8 

14-3 

8'9 

9-4 

12-6 

20-2 

IG '4 

21 

• •• 

... 

12-2 

12'3 

16-2 

18-4 

17-6 

24-1 

231 

21-9 

16-3 

12-6 

8-3 

01 

11-8 

200 

15-9 

22 

... 

... 

114 

11-6 

16-5 

16-9 

17-3 

22-6 

22-7 

21-0 

15-2 

11-9 

7-6 

91 

11-2 

193 

15-2 

23 



11-3 

lO-O 

15 T 

17-1 

17'7 

22-7 

230 

22-2 

16’6 

11-8 

7-2 

8'8 

10-8 

19 7 

15-2 

Mean 

« ■■ 

• • ■ 

12-3 

12-2 

16-3 

18-5 

19-8 

23-6 

24-2 

22-6 

17*4 

14-5 

9-3 

10-8 

12-6 

21-0 

16 S 
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X.—Some Hesults of ihe Meteorological Observations taken at Allahabad chtring the fen 
years 18/0-79, by S. A. Hill, B. Sc., Meteorological ^Reporter to Government, 
North-Western JProvwces and Oudli, 


INTRODUCTION. 

Wlien the Indian Meteorological Department iFas re-organized in tlie year 1875j 
it was proposed to conyert the second class observatory then existing at Allahabad into 
a first class observatory with autographic instruments, and to remove it from the place 
where it was then established, at the private residence of the Meteorological Beporter, 
to some building belonging to Government. Towards the end of 1 S79 it was though t that 
this transfer would shortly be accomplished. Had the removal taken place, the expo- 
sure of most of the instruments would have been changed considerably, and therefore, 
even though no radical change had been made in the system of observation, the new 
observations would hardly have been comparable with the old ones. I then thought it 
would be well to collect and publish the more important results of the observations 
taken under the old system; and, though I now understand that the observatory is 
likely to remain in its present position some time longer, the computations for the present 
paper had proceeded so far when I learnt this, that I 'thought it would hardly be worth- 
while to keep back the paper and go overall the calculations again, when one or two years’ 
further data should be obtainable. Many of these calculations have involved a good 
deal of labour. Most of them have been worked out by myself in the first instance, and 
afterwards checked by my head clerk, Babu Chintamoney Ghosh, or by the assistant 
observer, Jadu Nath Chatterjee ; but the calculations of the diurnal variation of pres- 
sure, and some others, have been made by Babu Nirdukha Coomar Ghosh, computer in 
the Calcutta Meteorological OfS.ee, whose assistance I have much pleasure in acknow- 
ledging. 

The Allahahad observations were commenced in April 1868, under the super- 
intendence of Captain Strahan, B.A. They were discontinued in the following August, 
owing to that officer’s transfer to another station. In 1869, they were re-commenced 
under Dr. J. C. Bow, and the observatory remained in his charge until the beginning 
of 1872. ' During the greater part of this time, the instruments were kept in the 
“ compound” of Dr. Irving’s house in the old civil station, hut for some montlis in 1871 
the observatory was transferred to the Native Infantry lines. Dr. Bow was succeeded 
by Dr. Jones, in whose time the instruments were brought back to Dr. Irving’s com- 
pound. In October 1872, Mr. Eliot took charge of the observatory, and shortly after- 
wards set up the instruments at the Muir College, where he was then a professor. On 
Mr. Eliot’s appointment as Provincial Meteorological Beporter in November 1874, he 
established the Meteorological Office and Observatory at his own house near the Church ; 
and when I . succeeded him, on his transfer to Calcutta in 1876, his arrangements were 
maintained. 



312 


ELSULTS OF THE llETEOKOEOGICAE OBSERVATIONS 


On account of these frequent changes of position, and of the elevations of the 
various places not having been accurately determined, the barometric observations tahen 
prior to hfovember 1874 j are of little or no value; but the other observations are fairly 
comparable, having all been taken under nearly identical conditions. Since the last 
change, above mentioned, the barometers in use have been fixed with their cisterns at an 
elevation of 306*68 feet above Kardchi sea-level, as determined by spirit-levelling 
from the Great Trigonometrical Survey bench-mark at Allahabad Port. Kve years’ 
observations of pressure, perfectly comparable with each other, are thus available for 
discussion. 

The geographical situation of Allahabad, at the junction of the Ganges and Jumna, 
is well known. The latitude is about 25° 26* Noidh, and the longitude 81° 52' East, from 
Greenwich. To the east and north-west of the station, the alluvial plain of the Ganges 
extends for many hundreds of miles ; and on the north, the outer range of the Himdlaya 
begins to rise above the plain at a distance of nearly 160 miles. On the south side, across 
the Jumna, low sandstone hills, belonging to the Yindhyan system, appear from beneatli 
the alluvium, at a distance of 10 or 12 miles from the station. The Gauges and Jumna, 
for some miles near their junction, fiow almost due east, and nearly parallel with 
each other, the distance betwean them varying from 2 to 3 or 3^ miles; but at 
the village of Phaphamau, the Ganges sweeps round, and flows southwards to join 
the Jumna at the Port. Por the greater part of the ten years, from 1870 to 1879, 
the Meteorological Observatoiy has been situated near the bank of this north and 
south reach of the Ganges, at a distance of 2^ miles from the confluence of the 
rivers. 

In May and June, Allahahad is one of the hottest places in India, the maximum 
temperature in shade often rising above 115‘T’. During the next three months, ouing 
to the frequent and generally abundant rainfall, it is much cooler than many stations 
in the Punjab, Rajputana, and Sind ; but sometimes, as in 1877, tbe rains fail, and the 
months of July, August, and September may then have a mean tempemtm'e of OO'P. 
or more. The “ cold weather,” during which the mean temperature resembles that of 
the European summer, lasts from the beginning of November imtil about tbe middle 
of March. 

For eight or nine months of the year, the climate is exceedingly diy. The summer 
or monsoon ” rains last only about three months and a half, and the cold- weather rains 
are always inconsiderable in quantity and sometimes altogether wanting. As a con- 
sequence of the rivers now floudng in beds far below the level of the old alluvium, the 
subsoil water is di’ained away to a very great depth, especially near the river hanks ; and 
it is probably only in years of exceptionally heavy and prolonged rauifall, that the soil 
gets saturated down to the permanent water level, from 60 to 70 feet below the surface. 
Except in the rainy season, and for a month or two afterwards, there is little or no grassy 
covering to the soil, which, under the intense heat of the sun, is baked nearly as hard 
as brick, wherever it is not shaded by trees or artificially irrigated. Near the observa- 
tory, the country is much better wooded than at a few miles distance all round, and 
therefore the observed humidity of the air is probably greater, and the daily range of 
temperature less, than in the more open parts of the neighbouring country. 
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Tempekatuee. 

Tlie temperature registers for 1868 and 1869 are incomplete, but those for the ten 
follou'ing years have only one or tvro short breaks, amounting altogether to about ten 
days. The observations of the ten years, 1870 — 79, have accordingly been adopted for 
the discussion of the annual variation of temperature. To determine diurnal inequality, 
the foUou'iug data are available : — 

(1.) Complete sets of hourly observations taken from midnight to midnight on the 
7th, 14'th, ‘ 21st, and 28th of each month for about four and a half years. Tor the pur- 
poses of this paper, the observations of the four complete years, from l^ovember 1875 to 
October 1879, have been adopted; the computations for the hourly variation having 
been commenced before the end of 1879. 

(2.) Daily extremes of temperatures for ten years, as registered by maximum and 
minimum thermometers. 

(3.) Observations taken daily at 4 A.M., 10 A.M., 4 tm., and 10 p.ai. Tlie 10 a.m. 
and 4 f.m. observations extend over the whole period of ten years, but the night observa- 
tions are either wanting or of doubtful accuracy in the following months, vh., May 
1870 to August 1872, June 1875 and April 1876. The mean temperatures of these 
months at 4 a.m. have been calculated, with an error of probably not more than a tenth 
of a degree, by adding to the minimum temperatures, corrections proportional to the 
range of temperature, and varying with each month. These were determined from the 
observations of the same months in other years. The missing observations at 10 p.m. 
have been interpolated, with an almost equally small probable error, from the means of 
the 10 A.M., 4 P.M., and minimum observations, by the addition of similar variable correc- 
tions. The series of observations taken at equal intervals of six hours thus practically 
extends over ten years. 

Since 1873, the temperatures at the hours of observation have been taken from a 
standard thermometer, Ko. 12491, by L. Casella. The corrections to the Kew standard, 
furnished with this instrument, were applied to aU the readings up to May 1876, when 
a new set of corrections, determined by an indirect comparison with a Kew standard at 
Calcutta, was adopted. In August 1879, a direct comparison with another Kew standard, 
Ko, 30382, was made, and the freezing point was verified by surrounding the instrument 
with melting ice. The original and final corrections were — 


O^igiDtil correction. Final correefion* 


At 

33 

33 


32 “ 

52° 

er 

82“ 

102 “ 


+ 0-4“ 

1 

o 

+ 0-4’ 

-u-s” 

+ 0-6“ 

- 0 -r 

+ 0-7“ 

-0*2“ 

4- 0-7' 

-0-3“ 


The corrections detei-mined in 1876 had intermediate values. Since the instrument 
was compared at the Kew Observatory, its freezing point has risen seven-tenths of a 
decree. What tbermomelers were employed in the years prior to 1873 is not known. 
They were probably small thy-bulb thermometers of Mason’s hygrometer, as made by 

The 'thermometers have always been exposed in a wire cage, from four to four and 
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"a half feet ahoTe the ground, placed under a thatched shed open at the sides. In India, 
it is found that no other system of exposure effectually protects the instruments from 
radiation. 

The shed in use at AUahahad is ahout- 15 feet square in plan; the eaves arc 
4 feet above the ground ; (up to 1876 they were a little "higher ;) and the roof rises in 
the middle to a height of 12 feet. The floor is of loose earth, and the cage is placed 
nearly in the middle of the shed. l?or several feet all round the thermometers, the 
ground is thus effectually shaded ; and since the roof of the shed is supported on slender 
posts, the instruments receive little or no reflected or radiant heat from any side. 

Diurnal variation . — The data for determining the diurnal inequality of tempera- 
ture at Allahabad have been detailed above. In calculatmg the variation for each 
month, tlie process described by Mr. Blanford at page' 63, bas been followed. 

The sixteen sets of twenty-five liourly observations having been tabulated, the means 
were struck, and any small difference between the midnight observations at the begin- 
ning and end of the series was distributed so as to leave the value for noon unehanged. 
The mean temperatures at 4, 10, 16 and 22 hours, determined from the daily observa- 
tions of ten years, were then substituted for the means at these hours given by the 
hourly observations, and the figures for all the other hours were altered in proportion. 
Table I gives the final results : — 


TABLE I. 


Mean hourly temperatures at Allahabad derived from 16 complete sets of hourly observations in each month, 

corrected by ten years* B^hourly observations. 


Houbs. 

Jan. 

Feb. 

March, 

April. 

Maj. 

June. 

Julj. 

Aug. 

Sept, 

Oct. 

Not. 

pee. 

Tear. 

Midnight 



... 

54-0 

58 7 

68*4 

78*5 

84’3 

85*6 

82*8 

81*3 

79*4 


60*0 

52 7 

71*4 

1 



... 

52-8 

67*6 

67*2 

76*3 

82*9 

85*4 

82 4 

80*9 

79 0 

70*5 

58*9 

619 

70*5 

2 

• »« 


. • • 

51-8 

50*2 

G6*3 

71*9 

821 

84*7 

81*9 

80*7 

78*8 

69 9 

-58 4 

51*0 

69*7 

3 

• a« 



51*1 

55*3 

65*4 

73 8 

81*4 

84*5 

81*3 

80-2 

78*7 

69*3 

67*7 

601 

69*1 

4 



« •* 

50-3 

54*2 

61*0 

730 

80*2 

84*3 

80 8 

79 9 

78 5 

68*8 

56*9 

49 7 

68*4 

6 



... 

50 0 

53G 

63-2 

71*9 

79 G 

83*9 

80*6 

79*4 

78*1 

G8G 

50*8 

49*4 

67*9 

6 

■ » * 



49-8 

63*0 

62*7 

71*6 

60*1 

84*3 

80*7 

794 

77*8 

63*4 

5G7 

49 3 

67*8 

*1 

... 


«« 

49 8 

53 9 

63*0 

76-3 

83*9 

85*5 

82*0 

80*2 

79*2 

70 6 

58 3 

49 6 

G9*5 

8 



... 

52-9 

69*0 

71*8 

83-1 

90 6 

89*1 

83*9 

82 0 

81*2 

75*0 

GS-9 

51*1 

73*9 

9 




5S-4 

65*1 

78 2 

89*2 

93 9 

92*4 

85*6 

83*5 

83*9 

791 

69*1 

69 7 

782 

10 




G3-4 

70 3 

83-3 

94*2 

97*2 

95*3 

87*3 

85*7 

85*9 

83*1 

74*3 

65*5 

83*1 

IX 

■ * « 



67-2 

74*e 

87*2 

96*9 

100*6' 

97 9 

87*9 

86*6 

87*5 

8G*9 

78*4 

69*3 

85*1 

Noon 



a.. 

70-2 

76 8 

89-1 

981 


99*3 

88*4 

87*3 

88*8 

88*1 

81*4 

72 6 

86 8 

13 

... 


... 

72*0 

794 

90*8 

lOO'S 


100*3 

83*9 

87*9 

89*3 

8S*G 

82*4 

74*3 

883 

14 


• 

... 

72*7 

800 

91-6 



100*8 

89 7 

83'2 

89*3 

83*3 

; 83-0 

74*7 

887 
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iCean hoxirly 'lemp&ratnres af Allahahad derived from 16 complele sets of Uovrlp ohervations iti each months 

corrected ten ^car&* 6-hoxirly ohservatioiie — continuetl. 


Houe, 

Jao. 


M.irch. 

April. 

May. 

Jaac. 

July* 

. 

Aap. 

Sept. 

Oct. 

Xoc. 


Tear. 

. 15 



72-7 

79-9 

< 

91-4 

100-5 

104-3 

100-3 

89-4 

87-7 

8S-7 

8S-4 

81-7 

743 

8S-3 

16 



7r4 

78-9 

90-6 

99-8 

103-5 

99-3 

89-0 

87-2 

87-5 

8G-G 

79-9 

72-1 

87-1 

17 



67-8 

76-6 

83-3 

97-7 

101-8 

9/-D 

87-3 

86-4 

85-9 

81-7 

72-9 

66-4 

84-1 

18 



62-8 

70-1 

83-2 

92-7 

93-1 

95-0 

86-7 

84-1 

83-1 

77-7 

6S-a 

Cl'7 

80-3 

19 



CO-6 

66*2 

78-2 

87-6 

94-5 

91“G 

85-1 

83-1 

82-0 

76-1 

67-0 

59-3 

77-6 

20 



5SG 

64-1 

76-5 

84-7 

91-8 

80-9 

84-1 

82-7 

81-3 

74-3 

64-8 

58-1 

75-S 

21 



57-3 

02-7 

73-5 

83-1 

89-5 

68-4 

83-3 

82'4 

60 9 

73-4 

63-4 

56-8 

_74-6 

22 



66-3 

61-1 

72-1 

81-6 

87-5 

87-1 

83-2 

S2-0 

80-6 

72-5 

Cl-D 

54-8 

73-4 

23 

... 


65-4 

59-8 

70-2 

79‘9 

S5-6 

86-7 

83-0 

Sl-8 

798 

71*7 

60-9 

53-7 

72-4 


Means 

... 

59*6 

65-2 

766 

861 

91-9 

,91-3 

S4'9 

83-4 

82-7 

77-0 

67-4 

69-6 

77'1 


These figures, when plotted out on ruled paper, giye the tolerably smooth and regu- 
lar curves which are printed on Plate XXIV. It has been pointed out by Mr. C. Cham- 
bers, P.H.S., in discussing the Bombay observations, that the diurnal inequality of 
temperature in India is not one that can be represented by a few terms of Bessel’s formula 
of sines, and this is exemplified in the above table. There is an abrupt turn at 
the -miniTnum , which occurs about sumdse ; and for some hours before and after the 
mniimiiin . the variation is so uniform, that it might almost be represented by a 
straight line. 

The effect of applying the harmonic formula, unless the whole of the twelve 
possible terms that can be computed from hourly observations be employed, is to round 
off the minimum and displace it some distance in the direction of early morning. Br. 
Bergsma, in the third volume of the Batavia observations, notices the same defect in 
Bessel’s formula, as applied to temperature observations. 

The formula for the mean temperature at any hour, on the average of the year, has 
been computed out to eight periodic .terms, and is the following : — 

^'«=77”-l + 9°-9234. in 15° + 233'’]3') 

+ 2° 7473 sin {n 30° + 62°34') 

+ 0°'4272 sin {« 45“ + 20° O') 

+ 0“-6786 sin [n 60° + 225°25') 

+ 0°'0523 sin {n 75° + 80°39') 

+ 0°-1710«m(« 90° + 43° 2') 

+ 0°-OS07 sin {n 105° + 220°54') 

+ 0°'(J7G4 sin (?/ 120°+ 220°55') 

The constant co-efficients of the first two terms are the largest, and, on the whole, 
these constants become smaller the higher the term ; but tbe variation is by no means 
regular. Xeglecting all the terms above the fourth, we get the computed variations in 
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Table II, Yrliere the observed variations are also given for comparison. The tn^o varia- 
tions are represented together in fig. 13, Plate XXIV. 

TABLE II. 

Hourly variaiion of Temperature at Allahabad computed from the first four periodk tenm of JtesseVs 
formula. {Means for the whole pear.) 


aODB. 

Compated volnes. 

Ori^na) yalaca. 

BiiTcroncc computed 
~ obserred 

Midniglit 



... 


— 5‘85 

— 6-7 

— 0’15 

1 

... 


• «« 


— 6-74 

— C-6 

— 0-14 

2 


... 



— 7-31 

— 7-4 

+ 0-09 

3 


... 

««* 


— 7-S9 

— 8-0 

+ 0-11 

4 


... 

... 


— 8-74 

— S-7 

~ 004 

6 

t < • 

... 



— 9-49 

— 93 

— 029 

6 


.. 



— 9'26 

— 9-3 

+ 004 

7 


... 



— 7*26 

— 7-6 

+ 0-34 

8 


«« . 



— 3-51 

— 3-2 

1 - 031 

9 

... 


• •• 

1 

+ 1-02 

+ 1-1 

1 ~ o-os 

10 



... 


4- 6 09 ' 

+ 5'0 

+ 009 

11 

... 


1 

• •• 1 

1 


+ 7-£)7 

+ 8-0 

— 003 

Noon 

*«. 

tit 



+ 9-7C 

+ 9-7 

+ 0-06 

13 

■ 

»•« 



+1093 

+11‘1 

— 0-18 

14 

... 




+11’G0 

+11-C 

0-00 

15 

». 


•• 


+11-39 

+11-3 

+ 019 

16 

... 




+ 9-SO 

+10-0 

— 0-20 

17 

... 

... 

... 


+ 6-88 

•V* ^'0 

— 0-12 

18 

M* 

... 

r«t 


+ 3-43 

+ 3-2 

+ 022 

19 


_ 



+ 0-47 

+ 0-5 

— 003 

20 

- 

... 

... 


— 1-4G 

- 1-3 

— OIC 

21 

... 

... 

... 


— 2-59 

^ 2-0 

— 0-09 

23 


- 

... 


~ 3-64 

-3-7 , 

1 + O'lG 

23 


«*« 



— 4-67 

— 4-7 

' + 003 


The mininmni temperature, calculated ft’om the formula by Jelinek’s method of 
approximation, falls at 5h. 24m. a.sl, and is equal to G7'’'525 on the Average of the 
year. The maximum occurs at 2h. 21m. r.xi., and its value is 86“'75{}> Tbc mean 
daily range of temperature, thus deteiahined, is only 21'’-23, which is 2°-47 lesV than the 
range given by self-registering thermometers. A standard thermometer nritloa large 
bull) is less^ sensitive than a smaller instrument, and for this reason the dailwango 
indicated hj it will he less. Moreover, the temperature extremes, calculated from In^Erly 
. ohservations, are those of the times whieh, on the average, are hottest and coyest; 

\ 
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^hile the maximum and minimum thermometers record the daily extremes, at udiatcver 
instant tliey may occur. 

By assuming that the rate of change of temperature hef ore and aftet the maxi- 
mum or minimum is uniform, and equal to that ohserved during the first complete hour 
before or after, we can calculate the approximate times of occurrence of tlie daily 
extremes. The times thus determined ryill not be exactly those of tlie turning points 
of temperature, because tlic assumption made is not strictly true, and tbe rate of change 
is so slow, especially before the minimum, that an error of a tenth of a degree, in the 
ohserved temperature of any hour, may give rise to an error of several minutes in the 
resiilt. Table III gives the mean times of maximum and minimum for each month, thus 
calculated, and the lO-year means of the observations of self- registering thermometers. 
The mean time of sunrise at the middle of each month is given for comparison with the 
time of lowest temperature : — 


TABLE III. 

Daily Extremes of Temperature at Allahabad. 
(Means of ten years' Observations^. 



Mbas Tjmbb. 

Muxsr TempEbxtijees. 

Sunrise- 

ninlmun]. 

Haxiinom. 

SlinimuB], 






b. 

HI* 

b. 

m. 

h. 

tn. 

o 

o 


o 

Jananry 


*«• 

6 

43 

6 

56 

14 

39 

48-4 

73'9 


25*5 

February 



6 

25 

6 

0 

14 

34 

62-3 

81-1 


28-8 

March 

*«• 


6 

4 

S 

54 

14 

23 

Gl-4 

931 


31-7 

April 

« • 

• « 1 

5 

41 

5 

52 

14 

27 

70-4 

102-8 


32-4 

May 

1 1 • 


5 

23 

5 

45 

14 

4 

77-7 

106-7 


29 0 

June 



5 

13 

5 

30 

14 

0 

82'6 

103-7 


21-1 

July 

« « t 


5 

17 

5 

48 

14 

5 

796 

92-7 


13-1 

August 



5 

33 

5 

37 

13 

44 

787 

90-3 


11-5 

September 



5 

54 

5 

57 

13 

42 

77-2 

90-6 


13-4 

October 

»•« 


6 

18 

6 

0 

IS 

40 

67-3 

89-6 


22'2 

November 



6 

37 

6 

0 

13 

50 

54-9 

83-0 


28-G 

Dctember 



G 

47 

6 

55 

14 

0 

48'3 

75-6 


27-3 

Mean 

... 

... 

6 

0 

6 

1 

14 

6 

66-6 

90-3 

23-7 


The time of minimum temperature, thus rougUy determined, lies near that of sun- 
rise in most of the months. Were contmnous records of temperature available, or even* 
observations taken at internals of five or ten minutes, the two epochs would probably show 
a much closer coincidence. The maximum temperature occurs a little after 2 p.At., on the 
average of the year, as it does in most parts of the world. During the months from J anuary 
' to May, when strong westerly winds blow in the day-time, the maximum falls after 
2 p.jSI. ; and in August, September, October, and November, when the winds are frequently 
easterly, or calm, the hottest time of the day is between 1 and 2 p.m. 

The daily range of temperatui’e varies from month to month, inversely wdth the 
humidity of the air and the extent of cloudy sky. It has two maxima, in April and 
November, and two minima, in August and January. 

Annual 'dariatlon . — The mean temperature of each month is given at the foot of 
Table I. The figures represent the true mean temperature of the month, as nearly as it 
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can at present be determined. The means of thefonr equidistant observations (d, 10, 16, 
and 22 hours) are invariably too high ; they could not, indeed, be justly expected to 
equal the true diurnal means, unless the variation were of such a character as to be fairly 
represented by the first two terms of a harmonic formula. Tor stations in the Noith*. 
TVestem Provinces and other parts of India, however, the average oE four ohservations 
at equal intervals of six hours has hitherto been assumed to be the true daily mean •, 
and until the hourly observations of other stations have been worked np, it lyill Ijq 
better to retain this assumption as regards Allahabad, Otherwise, the temperature obser- 
rations of Allahabad would not he comparable with those of neighbouring places. The 
crude means given in the next two tables may be reduced to true means, by subtracting 
the following quantities for each month : — 


January ... 


... 0-8“ 

July 


... o-a" 

February ... 

• * ■ 

... 0-9" 

August 

• •• 


March 


... o-r 

September 

... 

... o-r 

April 


... 1*0" 

October 


... 0-7' 

May 

«• 

... 0-3“ 

November 

• • • 

.. 0-9" 

June 

« • • 

... 0-3“ 

December ^ 

* • » 

... 0-9“ 


TABLE IV. 

Mean Monthly and Annual Temperatures at Allahabad. 
CMcans of Four Ohservations) . 


TKi.c. 

January. 

& 

r 

C 

iM 

tA 

"S 

B, 

■<5 

<5 

§ 

July. 1 

m 

ct 

tc 

a 

< 

September, j 

October. 

u 

0 

1 

CJ 

k 

«7 

5 

o 

6 ' 

1 

-JlT.i 

1870 

61 0 

66 7 

76-1 

84-1 

930 

89 3 

83 7 

81-6 

61-9 

78-2 

67 3 


76 9 

1871 

59 5 

67 •& 

76 3 

8f4 

87*3 

84 9 

82 2 

BV8 

80 7 

79'1 

709 

61*5 

76 3 

1872 

618 

63-2 

70 6 

84*8 

919 

88 0 

83 8 

82 4 

82'0 

77-7 

69 4 

62 9 

77-5' 

1873 

618 

68 3 

78 0 

88 8 

91-7 

96-9 

84'5 

84-3 

83-7 

76-3 

68 7 

604 

78 6 

1874 

59 8 

65-4 

75 6 

90 5 

95-3 

85 G 

83-8 

82 3 

83 ‘9 

77-5 

647 

600 

77 0 

1875 

59 4 

G5‘3 

80 9 

891 

90 2 

90-6 

842 

82 3 

82 6 

76 7 

67 5 

61-6 

77 5 

1876 


65 9 

■211 

88-1 

941 

95-7 

85 5 

84-3 

82 7 

74-5 

60 4 

58 2 

77-7 

1877 


59 8 

74-6 

831 

91-1 

93-1 

90 3 

90 5 

89 0 

79 7 

73 7 

63-1 

79 0 

1878 

58 5 

69 0 

79 2 

67-6 

89-0 

98 7 

891 

84 9 

83‘5 

81-2 

70*1 


79 2 

1879 

01 JJ 

68-1 

78 3 

910 

97-3 

91-9 

83‘G 

83'5 

81-6 

76 4 

640 

m 

77 8 

Mean 

CO 4 

661 

B 

872 

92'1 

91-5 

85-1 

83-7 

83-1 

77-7 

65 3 

60 5 

77 8 

Probable error 

07 

1-7 

B 

1-8 

20 

32 

B 

18 

m 

B 

20 

1-2 

0-63 

Jlcan computed b\ Bessd’s Formula 

GO 2 

66 7 

77'0 

87-3 

92 6 

90 5 

85-8 

88G 

82-9 

: 78 0 

6S3 


... 

DiiTcrence, observed — computed,, . 

+0-2 

-06 

+0 5 

-02 

-0 5 

+10 

-07 

+0-1 

■^0 2 

-0-3 

00 

-01 



* These nrc tho corrections cleri\f(l from Tabic I. If we take the originnl hourly observations of 16 dajs in each month, the 
corrections deduced from them will be — 


January 


■ I* 

... 0 8° 

July 

*** 


... 0 3’ 

February 



... o-g" 

August 

■ « • 


... 0 4’ 

March 


- 

... l-O" 

Septcmlicr 



... 0 4’ 

April 



... to’ 

Ovituber 

*• » 

f «* 

... Off 

May 



... (42" 

Novesnber 

*■* 


... Off 

J nuc 


««• 

... 0 2’ 

December 


«•* 

... ,1*0’ 


The cotrccUous gUen in the test vary more regularly fiom monlli to month, and are to be rreferred. 
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The table indicates that, on the areragc, the temperature is lo-^est about the be- 
ginning of Januaiy, and higliest in the latter half of May ; u-hiic, during the rainy months 
of July, August, and September, it varies little. In the coliunn of annual means, the 
decennial inequality of temperature observed at tropical stations is also fairly marked. 
The increase of temperature from the coldest year, 1871, up to the hottest, 1878, would 
- be fairly ■uniform, but for the interposition of the year 1873, -which was nearly as hot as 
1877. At the foot of the table, the mean temperatme of each month, calculated by 
Bessel’s formula, is given. The months are not calendar months however, hut mean months 
of 30’4di days each. The mean temperature of the «tb month after the middle of 
January may be computed by the formula. 

Tn = 77-8°+14"-581 sin [n 30"+29r 210 
+ 4- -825 sin {n 60°+ 266° 34) 

+ 1 -026 sin (n 90°+ 49° 36*) 

The residues iu the last line of Table IV indicate that the low temperature of Vehruary 
and the sudden rise from Pehruary to March are not adequately represented by tbe 
formula; neither are tbe high temperature of the first half of June and tbe rapid decrease 
at. the commencement of the rains. Variations of a shorter period than two months, 
like the considerable fall of temperature at the end of July and beginning of August, 
are also, of course, not represented. The formula indicates that the lowest temperature 
of the year falls on the 6th of January, and that the hottest day is the 20th of May. 

The hottest and coldest days of a normal year may be better determined, by com- 
puting the average temperature of each individual day, and clearing the results of minor 
inequalities, that would probably disappear if the period of ohsemtion were extended, 
by some process of smoothing. This has been done in a way suggested by Dr. Galle of 
Breslau, and published at page 379 of tbe Zeitschriff der 0 ester reichischen GeselhcUft 
Hir Meteorologie:' Band XIV. If tbe mean temperatimes of several successive days, 
as-given by observation, be a, b, c, d, &c., and tbe smoothed means, a, h c, d, then 

(a + 4b + 9c + 12d + 9e + 4f + g), 

^ ^ (b + 4c + 9A + 12e + 9f + 4g + h), 

Sie result is pmctically identical with that given by tbe more tedious process of taking 
tbe mean for every paii’ of consecutive days six times over. In either case, the rationale 
of the process is to use the observed temperatures of a -whole week, to calculate the pro- 
bable temperatm-e. of the middle day, the several days being assigned weights propor- 
tional to the probabilities, that whatever causes produce a certain temperatui-e on the 
middle day, will produce an equal temperature on the other days also. 
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In Table Y, the normal temperature of each day of the year, calculated ia this 
v‘ay from the observations of ten years, is given : — 


TABLE V. 

Normal JDailt/ Tevtjmrafme at Allahalad. 
(From ten yearF G-honrly olservaiionsj . 


Daie, 



Jan 

Feb 

Match 

f 

Apnl 

May 

June 

July 

m 

Pept 

Oct 

Not 

het 

iBt 


4 4 4 

60 5 

63-1 

71-8 

84-2 

901 

93 5 

86 0 

82 5 

83 9 

82 3 

72 9 

610 

2nd 


44* 

60 6 

63 1 

721 

83 8 

89 7 

93 8 

86 0 

82 5 

83 7 

82 2 

72 3 

G37 

3rd 

■ 4 4 


60 2 

62 8 

72 5 

83 5 

89 G 

941 

861 

82 7 

83 5 

821 

718 

032 

4tli 



59 V 

62 8 

72 6 

83 4 

89 7 

94 3 

86 0 

83 0 

831 

818 

716 

02 8 

6th 

• • • 

' 

69 3 

62 8 

72 7 

83 6 

89 8 

D4‘l 

857 

83 2 

82 7 

812 

717 

625 

6tli 


• « 

69 0 

631 

73 0 

84 1 

90 4 

03 9 

85 6 

83 4 

82 6 

80 4 

718 

623 

?th 

• 

•• 

68-6 

63 7 

73*2 

848 

90 8 

93 9 

85 5 

83 6 

82 5 

795 

71 G 

622 

8th 


*44 

68 4 

64 5 

7J6 

85 6 

912 

942 

85 5 

83 7 

82 6 

790 

713 

020 

9tb 


... 

584 

661 

742 

SG3 

91-6 

94 5 

85 4 

83*4 

83 7 

78 5 

70 i 

616 

10th 

»» 

*« 

68 8 

65 3 

749 

8G9 

91-6 

91-2 

85 2 

83 2 

82 8 

783 

G07 

61*0 

11th 

» •* 

■ 

69 2 

652 

75 6 

87-4 

91'4 

93 6 

85 0 

83 3 

83 0 

78 4 

CO 3 

002 

12th 

• • 1 

*•« 

59 6 

651 

76 5 

87 7 

91-2 

93 4 

84 9 

83 7 

83 2 

78 5 

69 2 

50 5 

13th 

• *4 

*• 

69 6 

65-0 

774 

87 5 

91*2 

93 7 

84 9 

811 

83 3 

78 6 

COl 

503 

14th 

4 • • 

• •• 

69 9 

650 

781 

871 

91-6 

93 8 

850 

845 

83 4 

78 7 

690 

593 

16th 


4«4 

60 6 

649 

78 2 

86 7 

91 0 

93 4 

851 

84 6 

83 6 

78 7 

C87 

594 

ICth 

• • 4 

t 4 

610 

64 6 

77-8 

86 5 

92 3 

92 9 

65 2 

84 5 

83 9 

78 6 

68 3 

595 

l7th 

444 

4 

G12 

647 

771 

86 7 

92 5 

92 6 

85-3 

811 

84 0 

78 3 

679 

59 G 

18th 

r 

4 • • 

Gl'l 

652 

70 6 

86 8 

92 G 

92 3 

85 5 

83 7 

83 9 

780 

676 

59*7 

10th 

... 

4 4 4 

610 

OS'? 

76 7 

873 

92 5 

919 

85-6 

83-7 

83 7 

77 8 

073 

59 7 

20th 

• 

• 

608 

673 

775 

87 9 

92 4 

91*1 

85 5 

83 7 

83 5 

770 

67 2 

50*5 

21st 

444 

4 4 

608 

68 3 

78 5 

88 6 

92 6 

90 7 

85-2 

63 6 

83 3 

764 

670 

69 3 

22ad 

... 

... 

61'1 

69 6 

79 6 

891 

92 8 

891 

S5 0 

S3G 

83 2 


60 6 

591 

23rd 

<■4 


612 

701 

804 

89 2 

93 3 

88 4 

85 0 

83 6 

831 

75 3 

661 

692 

21th 

... 


61-2 

701 

811 

89 2 

93 8 

87 9 

851 

63 8 

82 9 

74 9 

65 6 

595 

25th 


4a» 

60 9 

70 2 

81'5 

89*4 

94-5 

87 6 

85 0 

83 6 

82 4 

74 5 

650 

69*8 

26th 

... 

• •4 

60 6 

70 5 

82 0 

89 7 

94-3 

874 

84 8 

83 9 

821 

741 

646 

599 

27th 

k * 

• 4 4 

60 6 

710 

82 6 

90 0 

94 2 

872 

84 5 

83 9 

82 0 

73 9 

G4 3 

i 

59 S 

28lh 

• 4 4 


609 

715 

83 2 

901 

93 9 

86 8 

84 2 

83 9 

821 

73 7 

61*2 

69*7 

29th 

... 


613 

4 • 

83-8 

90 2 

93 6 

86 4 

83 6 

841 

82 3 

73 7 

642 

59 0 

30th 

• »* 

... 

62 3 

m 

843 

90 3 

93 5 

862 

82 8 

841 

82 4 

73 6 

Gi‘l 

59-7 

31st 

4«l 

... 

62 8 

m 

845 

■ 

93 5 

*• 

82 7 

84 0 

... 

73 4 

• •4 

601 


• *« 


60*4 

661 

775 

871 

92-1 

916 

85-1 

83 7 

83 0 

77 7 

6S4 

605 

Menu of 1st 10 dajs 

• *« 


59 4 

63 6 

731 

84 6 

90 4 

94 0 

85 7 

831 

83 0 

80 5 

71*5 

62 5 

„ of 2nd 10 „ 

t *4 

** 

60-4 

65 3 


872 

92 0 

92 9 

85 2 

84 0 

83 5 

78 3 

634 

59 6 

1 , of remaining dnya 

*4 4 


612 

702 

82 0 

89 6 

93 6 

878 

84 4 

83 9 

82 6 

74 5 

65 2 

59*6 
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. The coldest day in the normal year is the 8th of January ; but on the 22nd of 
December, the temperature is only O'?'’ higher. The -warniGr interval betu'ccn these 
dates coincides with the cloudy weather of the so*called “ Christmas Dains.*’ A table 
of normal daily rainfall is given below, and on comparing it with Table V, it will be 
seen that, in J anuary, February, and ]\Iarch, a warm period precedes or accompanies each 
fall of rain, and a few colder days follow it. In the hot season, the conditions arc some- 
what different. Every heavy fall of rain cools the air, at first by contact and afterwards 
by evaporation, as in tbe cold weather, but before the rain comes domi the clouds lower 
the temperature by cutting off the direct rays of the sun. 

The highest normal daily temperature, 94i'b^, is reached on the 2Sth of May. The 
showers ivliich often, though not always, fall about the hegimimg of June, (the clilioti 
barsdt) lower the mean temperature a little; hut on the 9fch of June it again attains the 
maximum. In years when the rains are late, the temperature goes on increasing up to 
the summer solstice ; hut, as soon as rain begins to fall, the air becomes rapidly cooler. 
Sometimes, the monsoon rains set in as early as the 10th of June ; hut more usually 
they do not begin until the 15th or 20th. The most rapid decrease of temperature 
occurs hetw^een the 21st and 23rd of June, when the normal daily rainfall is about a 
quarter of an inch. By the beginning of July, the normal temperature has fallen 8'5“, 
and the daily rainfall at tliat time is nearly half an inch. Throughout the rainy season, 
when the rainfall slackens or ceases, the temperature rises. This is especially noticeable 
at the middle and end of August and the middle of September. On the other hand, there 
is a very remarkable lowering of the .temperature at the end of July and heginning of 
August, owing to the heavy rainfall about that time. The most important of those, at 
fii'st sight anomalous variations of temperature, recur nearly every year. The regularity 
of their occurrence was first noticed by Mr. EKot in his Report on the Meteorology of the 
North-Western Provinces for 18?fi. He also noticed a diminution of temperatme in the 
first ten days of March, very decidedly marked at the suh-Himalayan stations, but 
hardly observable at Agra and Benares, which is due to a few days' of stormy weather 
with rain that occur at that time of the year. This cool period does not appear at 
Allahabad any more than at Benares. ^ 

In Mr. Eliot’s tables, the months were broken up into ten-day periods, and the 
means for these were laid down in the form of curves. In fig. 14 of Plate XXIY, the 
hormal temperatures of AUahahad for ten-day periods, (the figures at the foot of Table V) 
are represented by the uneven line, while the smooth curve represents the mean tem- 
perature calculated by Bessel’s formula. 

The normal daily temperature is above the average of the year from the 21st of 
March, to the 19th of October, and below it all the rest of the year, except on the 14th 
and 15th of Mareh. The femperatm’e of the coldest day is 19'4 below the mean, and 
that of the hottest day only IG-?” above it. Though the days when the temperature is 
below the average, thus number only 160 out of 365, the cold seasoii is very cold, con- 
sidering the high temperature of the rest of the year. 

VariaUmy of- temjyeraiure.-^^Q «variahiHty” of the elements of meteordlbgical 
observation has been taken by different writers to mean very different things. The true 
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-J -L- 


■1.T 


V ' . ■ ’ . ' ua iveu 

as tlie magnitude of the deviations from the mean, is to calculate the probable error of 
the mean by the usual formula — 


c 0-674.5 


/S(a^) 

y «— 1 


where :S(o’) stands for the sum of the squares of the individual variations from the 
mean, and n for the number of observations. In Table IV the jjrobable errors of the 
means for each month and for the whole year are given. The probable error of the 
annual mean is 0-63'’ P., that is, in the majority of years, the mean temperature will 
not depart more than 0-63'’ from its normal value. In January, the probable error is 
less than any other month, and in the first half of the year it goes on increasing up to 
June, when it amounts to 2*3'’. The probable errors of the means for the rainy months 
are higher than might be expected, because of the high temperature of the dry year 
1877. 

Tlie variability of temperature, during the ten years, may be illustrated in a differ- 
ent way by the following table .* — 


V 




Highest maximum temperature 
Lowest minimum 
Highest daily mean 
Lowest daily mean 
Highest monthly mean 
Lowest monthly mean „ 
Greatest range in a month 
Highest annual mean 
Lowest annual mean 
Greatest range in a year 


119’8° on the 19th June 1878. 
SD'O” ,, 9th Jaminr}0878, 

104’5° „ 20th June 1878. 

50‘0° „ 13th January 1874. 

08*7" in June 1878. 

57'6“ 

57*7'’ 

79-2" 

76-3'’ 


,, Docemher 1870. 
„ March 1878. 


„ 1878. 
„ 1871. 
83-8’ „ 1878. 


The hottest year of the ten, 1878, was the year in which the greatest extremes of 
temperatnre were observed. 


Pressure. 

The barometers, in use since PTovemher 1874-, have been kept in a room belonging 
to the Meteorological Heporter’s residence, tbe height of the mercury in the cisterns 
being 306*68 feet above mean sea-level at Karaclii. Prom Vie commencement of the 
pressure observations, till the 21st of January 1876, a large standard haromotch, Ko. 
by Adie, was used. It became unserviceable, on account of tlmvmercury leaking out 
of the cistern, and was replaced hy a small standard, ISTo. 753, hy mseha. This conti- 
nued in USD up to the 10th September 1878, when it was accidentl^lamaged in clean- 
ing. Since the 1st of January 1870, tlie observations have been takc\ hy means of a 
siimlar msirument, No. 627, Casella, and, in the interval, a Newman’s standard, No. 43, 
kept as an alternative instrument, was used. The errors of aU these .n- .rts, ex- 
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cept tile first, -were determined by direct comparison ii’itli tbe Calcutta standard. 
The large' Adie was compared -adtb Xo. 753, Casella, and Ifo. 43, Newman, wliile it 
was stdl in good order, and tbus its error to tbe Calcutta standard \ras ascertained 
indirectly. Corrections for these erroi’s were applied to all tbe readings, vie . — 


No. j^, Adie, — ^*010 incli. 

• No. 753, Casella, +*005 „ 

No. 13, Newman, — '003 „ 

No, 6'27, Casella, +’002 

Tbe large standards by Newman and Adie, having tubes more than half an inch 
in diameter, are less affected by capillarity and friction, than tbe smaOer Casella standards 
with tubes only about 0'4 ineb wide. For this reason, the daily range measured by tbe 
smaller instruments should be somewhat less than that given by tbe larger ones, if other 
circnmstances were tbe same. 

Tbe diminution of range from this cause, in tbe years after 1875, has, however, 
been little if anything. The mean daily range between 10 a.m. and 4 p.m. -was *111" 
in 1875, *112^ in 1876, '115" in 1877, '118" in 1878, and '112" in 1879. In tbe dry 
and hot years, 1877 and 1878, when tbe range of temperature was excessive, tbe baro- 
metric range was greatest, and in tbe other years it was neai-ly constant. In 1875, tbe 
year of heaviest rainfall, greatest humidity and lowest temperature, tbe range wus least 
of all, though that was tbe year in which the largest barometer was employed. We 
may therefore take tbe whole series of observations since November 1874 to be strictly 
comparable with each other. 

Diurnal variation.— ^\\e observations, adopted for calculating tbe diurnal inequal- 
ity of pressure, are tbe following : — 

(1.) Four complete sets of hourly observations for each month, from November 1875 
to October 1879, inclusive, or sixteen sets for each month of the year. 

(2.) Five years’ daily observations at 4, 10, 16 and 22 boiu’s, from November 1874 
to October 1879.-^ 

The method according to which these have been dealt Avitb is tbe same as that 
described by lilr. Blauford in discussing tbe Hazdiibagb obseiwations ; (see page 176). 
Tbe mean pressure at each Lour, and its variation from tbe mean of tbe day, aie given 

in Table VI 


>. The oLservations for 4 A.K. nnd 10 r.jr. in Jano 1875 and April 1876 have been interpolated by means of ransc-faetor. 
derived from the observations of these months in other years. 
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HESULTS or TELE METEOROLOGICAL OBSERVATIONS 
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The next two tables exhibit the rectangular co-ordinates of the constants of the 
periodic formula for the diurnal variation in each month, and the constant co-cflicients 
computed from them. The constant of the fourth periodical term is less than *002' 
for every month; except December and January. 

TABLE ni. 


Jiectanffular co-ordinates of the constants in the periodical fonnnla for the dinrnal variation of pressure 

at Allahabad computed from Table VI. 


V MoKins. 

U fclti o| 

B' cos n' 

D" sia n" 

B"cos n" 

O'" Bin a'" 

V" cos u’" 

D " s!d n'"' 

O'-" cos n'"' 

Jannary 


»■« 

—•011(55 

-{-•02120 

-f -01632 

—•03172 

—•00019 

+•00778 

—•00216 

—•00209 

Feliraary 



—•01353 

+^2503 


—•03199 

—•00112 

+•00420 

—•00104 

—•00055 

March 




-{-•03100 

+•02050 

—•03217 

+•00193 

+•00256 

—•00017 

—•00115 

April 

«•« 

«*« 



+ 01739 

—•03347 

—•00020 

—•00119 

—•00096 

— 00065 

May 



-•01898 

-{-•04057 

' '+-01560 

—■02804 

—•00077 

— 00670 

+•00121 

—•00137 

June 

, , 

... 


-{-•03729 

+•01741 

—•02549 

+•00038 

—•00340 

—■00029 

+•00180 ■ 

■July 



—■00810 



—•02588 

—'00196 

—•00459 

— 00033 

+-00029 

August 



—■00306 

-f -02525 


-^•02858 

—•00269 

—•00346 

—•00067 

—■00058 

September 

*<• 


—•00532 

-f -02068 


—•03343 

—•00126 

+•00069 

+‘00039 

+-(XU0S 

October 

*%• 

1 « * 


-{-•02326 


—•03403 

+•00032 

+•00332 

—■00142 

—.00029 

November 

... 


—•01085 

-{-■02419 


— 03523 

+•00159 

+•00740 

—•00079 

—•00137 

December 

»•« 

««« 


•f02276 

+-01358 

— 03342 

{+•00055 

+•00812 

— -60246 

—•00281 

Year 

• ** 

... 

—•01178 

-{.•02785 

+•01698 

—■03110 

—.00028 

+•00121 

—•00088 

-•00079 


TABLE VIII. 

Constant co-tficienis of the periodical formula computed from Table VII. 


Moimts. 

Mean.* 

B' 

u' 

B" 

u" 1 

^ftf 

u"' 

U’"' 

n'ri 

January 


I • « 

29-727 

•02419 

331“ 

13' 

•03523 

154° 

13’ 

•00778 

358“ 

36' 

•00323 

229“ 

39' 

Pebniary 


... 

•679 

•02845 

331“' 

36' 

•03668 


42' 

•00435 

345“ 

4' 

•00123 

237° 

59' 

March 


• *» 

■656 


329“ 

6' 

•03814 

147“ 

80' 

■00321 

37“ 

1' 

•00116 

188“ 

25’ 

April. 

»»* 

* » ■ 

-433 

•03872 

334“ 

43' 

•03773 

162“ 

33' 

'00121 

189“ 

32' 

•00116 

235° 

64’ 

May 

■ * • 

... 

'330 

•04479 

334° 

56' 

'03209 


65’ 

■00674 

186“ 

33' 

■00183 

138“ 

33' 

/ 

June 


• t . 

•201 

'03886 

343° 

38' 

•03087 

145“ 


•00342 

173“ 

37' 

•00182 

350“ 

51 

July 

« s ■ 


•210 

■02232 

338° 

43' 

■03050 

148° 

3' 

•00499 


7' 

•00044 

311“ 

IS” 

August 



‘277 

•02544 

353° 

5’ 

•03517 

144“ 

2 

•00438 

217“ 

52' 

•000S9 

229“ 

7' 

\ 

September 



•370 

•02721 

348“ 

43' 

•03762 

162° 

42' 

•00144 

298“ 

42' 

•00114 

19“ 

23' 

October 



•557 

•02540 

336° 

19' 

•03643 

161“ 

54' 

•00334 

5° 

30' 

■00145 

258“ 

27' 

Novemhor 

• •• 

* • « 

•671 

■02651 

335“ 

61' 

•03617 

166° 

63' 

■00757 

12“ 

8’- 

'00158 

209° 

58' 

December 



•736 


330° 

66' 


157“ 

52' 

•00814 

3“ 

53' 

•00373 

221“ 

12' 

Year 

... 


29-479 


337“ 

4' 

•03497 

152° 

48' 

•00134 

346“ 

58' 

■ 

1 228“ 

5' 


» Hicso values are the meant 


of tli-honriy observations for tbe live calendar years 13^5— *9. 
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BESULTS OF THE METEOIIOEOGICAL OBSEIIVATIONS 


Tables IX, X, and XI give the computed hourly variations from the mean of each 
month and of the V'hole year, the epochs of the semi-diurnal maxima and minima, 
and the variations at these epochs from the mean of the day : — 


TAELE IX. 

Bourly variaiion of pnmtre at Allahabad compiled with, the constants of Table VITI. 


JlOVBS. 

Jan. 

Tcb . 

\ 

Jfarch . 

April, 

Jlay. 

Jduc. 

July. 

An?. 

Sept. 

Oct . 

UOT. 

Dm. 

Tsir. 

llidniglit 

-{-•0010 

-{- O 024 

-{-■0036 

-• 0 CX )3 

-■0030 

ooc*> 

+ 0057 

+ 0140 

+- OU 1 

•0000 

-•0018 

-•0010 

+0030 

1 

—•0060 

-•0059 

-•0061 

- 0106 

-0142 

+■0007 

-•0050 

+■0020 

+•0007 

-•0097 

-•0099 

-• O 0 S 8 

-•0003 

2 

-'0121 

-•0137 

—•0165 

-■0184 

-■0211 

-•0059 

-•0151 

-•0082 

-•0102 

-'0178 

-•0171 

-■0149 

-’0143 

S 

-■0168 

-•0191 

-•0228 

-■0201 

-■0181 

-•0093 

-•0185 

-’0127 

-•0173 

-•0219 

-‘0209 

-■0184 

-•0177 

4. 

-- 0194 , 

-•0196 

-•0213 

- 01'14 

-•0051 

-‘0058 

-• 0 M 6 

-'■0112 

-•0170 

-■0200 

-■0191 

- 0192 

—0153 

5 

-0161 

-•0130 

-•0109 

—0012 

+ 0139 

+ 0058 

-*0045 

-•0039 

-*0076 

-*0103 

-•0097 

-•0147 

-•0060 

6 

—0044 

-{-•0018 

+■0078 

+■0178 +-0329 

+ 0230 

+•0090 

+•0076 

+'0091 

+•0073 

+•0078 

-•0014 

+ 0098 

>7 

-{-0175 

-{-•0232 

+■0316 


+•0182 


+•0232 

+•0214 

+•0287 

+•0295 

+•0310 

+ 0211 

+•0293 

8 

-{-•0432 

-{-•0460 

+•0548 

+•0586 

+•0585 

+•0533 

+ 0348 

+-*0360 

+•0465 

+•0502 

+•0536 

+•0176 

+• 048*1 

9 

4 -' 062 S 

-{-0625 

+ 0707 

+•0899 

+ 0630 

+•0578 

+•0420 

+■0450 

+•0552 

+'0623 

+■0672 

+•0670 

+0607 

10 

+'OGCG 

-f 0662 

+•0734 

+•0693 

+ 0627 


+ 0432 

+•0476 

+■0552 

+'0605 

+•0051 

+•0698 

+•0613 

11 

-{-•0520 

-{-0549 

+•0611 

+ 0562 

+■0539 

+ 0436 

+ 0376 

+ 0412 

+•0444 

+•0147 

+•0163 

+ 0532 

+0493 

Noon 

-{-0246 

- f 0310 

+ 0370 

+ 0331 

+•0366 

+ 0277 

+ 0259 

+ 0256 

+ 0243 

+•0193 

+•0166 

+■0232 

+■0272 

13 

-’0052 

-{-•0029 

+ 0073 


+'0120 


+•0081 

+•0034 

-•0021 

-'0073 

-•0143 

-•0034 

6 

o 

o 

14 

-•0287 

- 0237 

-•0205 

-•0224 

-•0155 

-•0175 

-•0127 

- 0212 

-•0290 

-•0300 

-•0373 

-•0319 

-•0240 

IG 

-•0416 

-•0429 

-•0412 

-•0449 


-•0411 

-•0327 

- 0431 

-•0503 

-•0445 

- 0479 

-•0434 

-•0127 

lf> 

-•04 IS 

- 0516 

— "0527 

-•0590 

-•0579 

- 0586 

-•0166 

-•0573 

-■0604 

- -0494 

-•0469 

-•0418 

- -0523 

.1'!' 

-•0406 

-•0500 

- 0549 

-•0622 

-■0653 

-*0618 

- 0497 

-•0597 

- 0572 

- 0417 

-■0381 

- 0399 

-•0521 

18 

-0312 

-• 039 S 

—0192 

--0546 

-•0617 

—0584 

-•0118 

-•0500 

-■0129 

- -0327 

-‘0253 

-•0308 

-•0436 

19 

- -0183 

-•0216 

-•0372 

-•0381 

-•0184 

-•0125 

-•0250 

-•0300 

-■0229 

-•0165 

-'0132 

-•0187 

-• 02 S 3 

20 

-' 004 S 

-•OOSG 

-•0214 

-•0182 

-•0291 

-0231 


-•0064 

-■0033 

—•0008 

—■0021 

—•0056 

—•0110 

21 

-{-0050 

-{-•0035 

-•0059 


-•0100 

-•0062 

+•0104 

+•0136 

+- 010 S 

+•0097 

+•0018 

+ 0018 

+* n 033 

23 

- f - 003 G 

-{-•0094 

+•0050 

+ 0081 

+■0027 

+•0017 

+ 0176 

+•0240 

+■0178 

+•0129 

+ 0073 

+•0090 

+•0107 

23 

n „ * 

-{-• 007-4 

-{-•OOSl 

+•0083 

+'0076 

+•0047 

+'0086 

+'0150 

+•0232 

+•0176 

+•0087 

+•0017 

+•0062 

+ 0099 
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TABLE X. 


Ditmial epoch of HFitiitmim .and Zfaxmnnt pre.fsure at Allnhalad. 



iloKTns. 



Isl lliuinittro. 

1st Mulmum. 

Ind Minlmam. 

Sed Mulmnm. 

' 




h. 

m. 

4 

h. 

m. 

b. 

m. 

h. 

m* 

January ... 

- 



4 

5 

9 

43 

15 

53 

22 

6 

Fetruary ... 

... 

... 

... 

3 

36 

9 

45 

16 

20 

22 

19 

llaruF 

* .4 

... 

«k* 

3 

21 

9 

41 

16 

45 

22 

64 

April 


44. 

4.. 

2 

4o 

9 

2S 

16 

•IS 

22 

26 

May ~ 

— 

» 


2 

14 

0 

22 

17 


•22 

40 

June 

... 

M* 


3 

3 

9 

2 

16 

so 

23 

7 

July 

... 



2 

58 

9 

41 

16 

48 

22 

14 

August 

■... 



3 

14 

9 

49 

16 

43 

22 

25 

Septenibtir ... 

.4. 


* k. 

3 

28 

9 

29 

16 

15 

22 

27 

October 

• •• 

• •• 

• 44 

3 

14 

9 

22 

16 

0 

21 

63 

November ... 


•44 

«•* 

3 

14 

9 

23 

lo 

23 

21 

58 

December ... 

. •« 

... 


3 

43 

9 

39 

15 

39 

23 

0 

Year 


444 

- 

3 

B 

9 

34 

16 

30 

23 

24 










• 




TABLE XI. 

Ilean mnthlp and annval values of the diurnal maxima and minima of the pressure variation, at the 

above epochs. 




Motttna. 



let Micitntim 

let Maximum. 

2iid Minimum. 

2Dd MoiimaiQ. 

January — 




—•0191 

4- "0675 

—•0449 

+•0097 




—•0522 

+•0097 


-•0201 

+•0667 

Febrnary — 


*«• 




March 




—•0232 

+■0741 

—•0552 

+'0084 

April ... ' 

•M 

— 

... 

— 0201 

+■0713 

—•0625 

+•0090 




—•0214 

+•0641 

—•0654 

+ 0032 

May ~ 






+ •0086 

June ~ 

,, ■ 

... 

... 

—•0093 

+•0578 

, —-0648 




— 0185 

1 +-0135 

—•0502 

+ 0178 

July — 

— 


... 


+•0250 


» 

1 

— 0129 

+‘0478 

— 0604 

August ~ 

. 1 . 

• f* 

*** 1 







1 

—•0183 

+’0565 

—•0609 

+ ‘0185 

September » 




+•0633 

—•0494 

+ ■0129 

— 0220 

October 




+•0684 

—•0488 

+ 0073 

— 0211 

November — 

... 



+•0711 

—•0153 

+ •0090 

! 

6 

December 

4M 











—•0535 

+■0114 

Year , ... 

•• 

4m 






--=-=^- C 
















328 


RESULTS or THE METEOUOLOGIC/VL OBSERTATIOKS 


The most strildng feature of the diiu’nal variation of pressure at AUahahad, eapeciallv 
ia the hot-weather months, is its “ continental” character. The night oscillation, which, 
over tropical seas, is nearly equal to that of the day, becomes almost obliterated, while 
the change of pressure between 9 or 10 a.m. and 4 r.M. is much greater than it is 
near the sea. At Allahabad, in May, the fall of pressure from the evening maximum 
to the morning minimum is only *0206 inch, while the corresponding change between the 
forenoon and the afternoon is *1295 inch, or nearly five times as great. On account 
of the small amplitude of the night oscillation, the morning minimum, in the hot-wea- 
ther months, is thrown hack to between 2 and 3 a.m., while the evening maximum 
ocem's near 11 tm. These features of the pressure variation are illustrated in the first 
thirteen curves of Plate XXV. 

At Calcutta, the ratio of the amplitude of the semi-diurnal to that of the diurnal 
oscillation of pressm-e (U"'rU') is equal to 1*47 on the average of the whole year. At 
Bombay, on the coast, it is 2*07, while at Allahabad it is only 1*15. The maximum 
monthly value of this ratio at Bombay is 5*58 in July, and the minimum, 1*39 in 
AprU. At Calcutta, its greatest and least values are 1*77 in July and 1*19 in May. 
The monthly values of the ratio at Allahabad are — 


Januaiy 


... 1*40 

July 

• « • 

... 1*37 

February 


... 1*34 

August 

• » • 

... 1-3S 

hlarcb 


... 1*05 

September 

» • 4 

... 1*35 

Apiil 

« « 4 

... 0*97 

October 


... 1*48 

May 

« « « 

... 0*72 

November 

• • » 

... 1*37 

June 


... o*^^o 

December 

• • • 

... 1*39 


During the hot weather, from the middle of j\ larch to the commencement of the 
rains, the value of this ratio is less than unity, while in the other months of the year it 
lias a nearly constant value of about 1*40. The character of the diurnal variation of 
pressure at Allahabad, in these months, is therefore markedly different from that observed 
at coast stations, and approximates to the kind of variation observed at typical continental 
stations, such as Yarkand. The ratio calculated from Dr. Scully’s observations at 

that station^ is 1*14 for the winter months, November to Pehruary ; 0*07 for the three 
spring months, March to May; and only 0*43 in the hot dry months of June and July. 
In each of the five months, from March to July, the morning minimum occurs about 
2 A.M. 

"When the hourly observations of stations in India lying further inland than Allali- 
ahad — ^for example, those of Agra, Doorkoe, and Lahore — are worked out, it will he 
interesting to observe whether the continental” character of the daily variation of tlie 
barometer increases regularly Avith distance from the sea or not. 

Annual mriation , — Por the discussion of the annual inequality of pressure, the 
observations of the five calendar years, 1875-79, have been taken. The means of four 
equidistant observations have been adopted as daily means. These are identical with 

the mean of the 24 hours on the average of the whole year, and the greatest dififerenCD 
in any month is *003 inch. 


* Sco page G4. Vol. 1. 
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At stations in Tropical Inrlia^, tlic heiglit of the baromeier is subject to an inequality 
of ten-yeaxly period, as was pointed outby]\Ir. P. Chambers in A'ctfure, VoJ.XYJtl, page 
567. i^lr. Blanford has also shown {l^afure, \ol. XXI, page 4-77) thata similar inequality 
is obsen^able in other parts of the world, though in Korthern Asia the phase of it is 
nearly opposite to that observed in India. It might, tberefore, be supposed that five 
years would be- too short a period of observation to give the mean height of the baro- 
meter, at an Indian station, with any close approach to accuracy. The decennial ine- 
quality of- pressure, observed in Southern India, appears, however, to he considerably mo- 
dified north of the tropic, and perhaps converted into one haring t^vo maxima and tu'o 
minima in a period of ten or eleven years. Thus, at Poorkee, the annual mean pressure 
has reached a maximum three times since 1861, namely, in 1865, 1871, and 1877, the 
mean pressures of these years having been28'9l7, 28-913, and 28-919 inches respectively. 
The lowest pressures of the intermediate years were 28-863 inches in 1870 and 28-858 
inches iu 1876. The mean pressure of the last five years, at Koorkce, was on.y '001 
inch below that of the sixteen years 1864i — 79. At Benaves, a station much nearer to 
Allahabad, the mean pressure of the live years was *008 inch lower than that of twelve 
years ; and the greatest difference, in any month, was -017 inch in October. Tl}e 
monthly mean pressures at Allahabad, derived from hve years’ observations, bavc there- 
fore, probably, a maximum error of *02 inch ; and, in most of the months, the ciTor 
is perhaps under -01 inch. 

In Table XII, the observed monthly and annual means of pressm-e arc sho^vn 
together witli the pressure for each month, calculated by Bessel’s foimula. — 

TABLE XII. 

Mea7t Montlihj and Annual Pressure at AllaMlad. 


{Means of 4 observations). 


. Tbibs, 

Ian. 


Slarph. 

Arrib 

' 

“May, 

1 

June, 

I 

t 

.Inly. 1 Aug. 

Sept, j 

Oct. 

Xov, 

Dec. 

Year. 

18T5 

29C07 

29681 

29-499 

29-392 

39-329 

1 

29-101 29-187 29-280 S9367 

1 

29-551 

29-70S 

29-751 

29465 

1876 

•681 

•626 

•541 

•389 

•300 

•199 

•IDsj -293 

'3S5 

•605 

•670 

■787 

•469 

1877 

•795 

•736 

■585 

•506 

•369 

•236 

•23g! '260 

I 



■678 

•733 

■oil 

1878 

•771 

•701 

•599 

•178 

■ 

•198 

'23GS *285 

■337 

•482 

•615 

•693 

'482 

1879 

■723 

■646 

■554 

•402 

-274 


•210: -263 

•359 

-516 

•CSG 

•717 

•468 

Mean 

£9-727 

29-079 

29'55G 

29-433 


29 201 

29-2] 0! 29.277 

20-370 

29-557 

29 671 

29-736|2U'.179 

Frobabla error 



•027 

■037 

1^9 


•026| -0.0 

•017 

'034 

•02-1 

■024 

* -013 

Mean computed 83* Bessel's formula 

29-731 

29-068 

29'5CS 

29-438 

29-311 

29 219 

29 201* 29-265 

29 392 

29-513 

29 673 

29-736| ... 

Difference, obserr’cd — computed ... 


•Oil 


-•005 


■ 

•OOel' 012 


-f-014 

-•002 

•oooj ... 


The formula for the mean pressure of the month after the middle of January 

is — 

p,— 29-479'+ '27091' sin (;/ SO^ + lOB 320 
+ '01419 sin [n 60° + 235° 170 
+•00222 sin {rt 90°+ 223° 410 
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The pressures, thus computed, give the smoothly floTviug curve in fig. 14 Plate XXV • 
but the residues in the last line of , Table XII indicate that, if the higher terms of the 
formula Tvere computed out, their co-eflicieiits would be considerable, notuithstandino- 
that the co-efficient of the third periodic term is little more than two thousandths of an 
inch. The computed mean pressm*e for July is ‘016 inch less than that for June, 
though the observed pressure is some^vhat greater. 

According to the precediag formula, the barometer stands highest on the 28th of 
December, and lowest on the 11th of July. The first term alone would make these 
epochs fall on the dth of January and 4th of July. The former of these dates coiacides 
closely with the time of lowest temperature, and the latter is about the time when the 
density of the air is least, owing to the high temperature and the large proportion of 
water vapour it contains. The first term, therefore, represents the greater part of the 
change of pressure directly caused by the annual variations of temperature and absolute 
humidity. The second represents a smaller periodic variation, the minima of which 
(occurring about the 2ad of Pehruary and 2nd of August) coincide with the maxima 
of the winter and summer rains of Northern India. The first two periodic terms of 
the annual variation of pressure at Allahabad are almost exactly the same as those of 
Benares, given at page 162. 

The normal pressure for each day of the year has been computed from tbe observ- 
ations of five years, in tbe manner described above, under temperature. Table XIII 
contains the results : — 


TABLE XIII. 

Normal Baili/ Pressure at Allahabad. 



Datk. 


■ 


Jan, 

Feb. 


April. 

3Ioy. 

June. 

Jalj. 

Ang. 

Sept. 

Oct. 

Not. 

Dee, 






rs 

ft 

// 

tt 

if 

" 

er 

tf 

tt 

If 

tf 

m 

1st 

*•» 

i « • 



29-733 

29-709 

29-594 

29489 

29-3G2 

29-252 

29-180 

29-203 

29 336 

29-467 

29-600 

29-707 

2tid 

« ■ * 

»*■ 



•741 

•712 

•694 

•605 

•357 

•242 

•183 

•214 

•333 

•470 

•596 

•707 

3rd 

• • f 




•746 

•713 

•599 

•613 

•360 

•236 

•179 

•220 

•330 

•479 

*596 

■710 

4tb 

• • « 




•749 

•7i3 

•603 

•503 

•340 

•233 

•176 

■221 

■330 

•490 

•602 

•716 

Stb 


« *4 



•750 

•709 

*606 

•494 

•328 

•232 

•181 

•220 

•333 

•402 

•611 

•725 

6th 

« «« 




•751 

•700 

•C06 

•474 

•819 

■235 

•I'D? 

•221 

-335 

■493 

•622 

■736 

Ith 





■747 

■691 

•603 

•451 

•317 

•237 

•218 

■226 

•331 

•494 

•635 

•742 

"Sth 


* < • 


... 

■742 

•687 

•593 

•429 

•320 

•234 

‘232 

*232 

•319 

•497 

•650 

•743 

9 th 


• »* 



•T38 

■687 

•690 

•413 

•322 

•222 

•237 

242 

•309 

*505 

•661 

•743 

1 

lOtb 


■ 4* 



•73S 

*689 

•578 

•414 

■322 

•207 

•237 

•245 

•310 

•517 

•074 

•743 

nth 





•739 

*695 

•56G 

•401 

•325 

•109 

•233 

•244 

*323 

•531 

•6S4 

•742 

12 th 

■ » « 

■ »• 



741 

•704 

•560 

•411 

•836 

•196 

• 22 s 

•216 

•340 

•542 

■694 

•740 

13th 

* •* 

« •« 


« *■ 

•744 

•701 

•656 

•431 

•349 

•193 

•223 

•253 

•358 

•650 

•698 

.740 

llth 

« « * 

••t 


• » • 

*743 

*692 

'550 

•450 

•359 

•188 

•220 

•257 

'372 

*555 

'693 

•745 
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Jiormal Dail^ Tressnrc at continued. 


• 

Dm. 


* 

Jau. 

Pcb. 

Slsreli. 

April. 

Hoy. 

Jqqc. 

Joly. 

Aog-. 

Sept. 

Oct, 

Nor. 

Dw,' 

J5th 


/ . 


rt 

29739 

U 

29-678 

it 

29-519 

tt 

29-459 

tt 

29-363 

tt 

29-183 

tt 

119-21G 

tt 

29-256 

W 

29-3S0 

*1 

29-GG2 

It 

29'GS3 

r» 

20*752 

3 Sib 


... 


•730 

■672 

•651 

•157 

•S63 

•186 

•211 

'253 

•381 

•671 

•679 

•755 

17th 


— 


•723 

•677 

•663 

•451 

•3C3 

•194 

•20S 

*250 

•377 

•582 

-681 

•757 

IRth 

\ 



'722 

•635 

•574 

•4-16 

•361 

•199 

•209 

■262 

•371 

■590 

•690 

•75S 

19tb 

• •• 



•723 

'689 

•579 

•443 

•359 

•197 

•214 

•283 

•367 

•595 

■694 

•758 

20th 




•724 

•6S0 

■579 

•434 

•358 

•192 

■220 

•302 

*862 

'597 

•G9S 

'758 

2l8t 


... 

««« 

•725 

•662 

•574 

•416 

•353 

•188 

•225 

•S18 

■359 

'GOO 

•700 

•75S 

22nd 



<14 

•723 

-6^ 

‘5G4 

•399 

•310 

•J8t 

•227 

*328 

•3G5 

•604 

•699 

•767 

23rd 


... 


•718 

■64-1 

■552 

•393 

•321 

■182 

•226 

‘331 

•382 

•607 

•694 

•767 

24th 

« «• 

... 

... 

•713 

'618 

■537 

•396 

■302 

•180 

•225 

‘330 

•404 

•610 

■690 

•730 

25th 


... 

■ I ■ 

•706 

•650 

•624 

•400 

•293 

•179 

•224 

•333 

•423 

■611 

■692 

•737 

2Cth 


■ 4« 

«*• 

■703 

•638 

•515 

•39S 

•294 

•177 

•219 

•340 

•4.36 

•611 

•693 

•723 

i7th 

••• • 

*44 

S k* 

•695 

•619 

•506 

•392 

•298 

•174 

•212 

•353 

•446 

•610 

'709 

•712 

28th 

• • • 

44% 

« (« 

•693 

•603 

•494 

•383 

■299 

•171 

•203 

•356 

•454 

■611 

•710 

•709 

29th 

kSt 

... 

kt • 

•691 

... 

•481 

•376 

•291 

•172 

•195 

•330 

•459 

•612 

•711 

•712 

30tb 

«•« 



'696 


•472 

•367 

•279 

'176 

•190 

'343 

•460 

‘610 

•709 

•719 

3Lt 


... 


•704 


•476 

... 

•265 

... 

•193 

•339 


•605 


'726 

Mesa 

• • * 


• «« 

29727 

29-678 

29-558 

29-433 

29-329 

29-201 

29-211 

29-277 

29-370 

29-557 

29-672 

29-737 

Mean of 1st 10 days 

*4 * 


29'744 

29701 

29-597 

•29'468 

29-334 

29 238 

29-202 

20-224 

29-326 

29-490 

29-625 

29-727 


2nd 10 „ 

... 


•733 

•688 

•563 

'438 

•354 

•193 

•218 

•261 

•363 

•568 

•690 

•751 

- 

remaining days 

... 


■706 

•63S 

•518 

•392 

‘303 

•178 

•213 

•333 

•419 

•60S 

•700 

•733 


The pressure is greatest on the 19th and 20th of Pecemher, and least on the 2Sth 
of June. Erom the 9th of October ro the 29th of March, the pressure is above the 
annual average, and below it all the rest of the year ; except during the first five days 
of April. Por two months in the cold weather, between the 26fch of November and the 
26th of January, the normal daily pressure does not vary more than ’06 inch. There is 
a similar period of nearly uniform pressure near the annual minimum, between the 
9th of June and 9th of August, when the daily mean pressure does not vary more than 
'07 inch. 

In the table, numerous minor fluctuations of pressure are discernible, the minima 
of which are nearly always followed immediately by cloudy weather and rain. The 
most important of these are retained in the ten-day means at the foot of the fable ; 
they may, perhaps, he better seen u’hen represented graphically, as in fig. 11, Plate 

Tlie most remarkable deviations from the uniform flow of the pressure curve given 
by Bessel’s formula are — 

(1.) A depression in the begumiag and a rise in the middle of May : the latter 
amounting to -046 inch. This does not appear in Mr. Eliot’s eprves for other stations 
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hesults of the meteorological observations 


in the North-Western Provinces in the years ineceding 1875, hut it is distinctly 
marked in Mr. C. Chambers’ ciu'ves for Bombay, and is doubtless a regularly recurring 
phenomenon over a great part of Western and Central India. 

(2.) A break in the rise of pressure between the mindle ' of July and the middle of 
August; the depression amounting to ‘0d7 at the end of J uly. This is seen in Mr. Eliot’s 
curves ; and a similar dejnession is observed at Bombay, but it occurs there ten dava 
earlier. 

(3.) A similar interruption to the rise of pressure in September, well marked at 
other stations in the North-Western Provinces, and hnt faintly at Bombay. On the other 
hand, a depression in the beginning of Pebruary, noticed by Mr. Eliot, does not appear in 
the Allahabad cm've, or is but faintly discernible. 

Yariabillti} of Pressure . — In the third line, from the foot of Table XII, the probable 
errors of the monthly mean pressures computed from five-years’ observations are given. 
Considering that this short period includes the years 1875 and 1877, (the years of high- 
est and lowest pressure observed at Boorkec since 18G1-,) the probable errors of the aver- 
ages are small, not amounting to a millimetre in any month. The probable error of 
the annual mean is only '013 inch, or *33 millimetre. August is the month of most uniform 
pressure, and in April the height of the barometer is most variable. 

The extent of the variations of pressure during the five years may he more readily 
understood from the following table : — 


Highest pressure at 10 a.m. 


29'97S'' on the 18th January 1877. 

Lowest ,, 4' p.n. 


... 28*939' „ IGth July 1S75. 

Highest daily mean 


... 29'912'’ ,, 18th January 1877. 

Lowest „ ,, 


... 29-008^ „ loth July 1875. 

Highest monthly mean 


... 29‘795' in January 1877. 

Lowest „ 


... 20-153' „ July 1870. 

Greatest range in a month 


... 0-54'7' ,, September 1875. 

Highest annual mean 


... 29-51 P „ lvS77. 

Lowest j, ,, 


... 29-405' „ 1875. 

Greatest range in a year 


... 1-010' ,, 1875. 

„ „ in 5 years 


... 1-039' 


/Itgrometrt. 

Since Novemher,1874', both the absolute humidity, measured by the elastic force of 
vapour, and the relative humidity, or percentage of saturation of the air, have been 
recorded at all the hours of ohsers''ation ; the humidities being calculated from the indi- 
vidual observations of the dry and wet bulb thermometers. Tip to the end of 1875, 
Apjohn’s formula was used for the hygi’ometric calculations ; hut since 1S70, it has been 
superseded by August’s formula with Bega^ult’s constants. The humidities computed 
by Apjolin’e formula are somewhat higlier than the truth, especially in the diy hot 
days of April and May, while August’s gives results that agree better with the indications 
of a condensing hygrometer.^ The following figures, taken from the registers of 1879, 


• See Blanford, Journnl of tlic Asiatic Society of Bengal, Vol. NLV, page 53. 
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compare the results of the two formulae under the extreme conditions of. heat and 
drought, heat and moisture, and cold and moisture : — 


PiTB. 

nonr. 1 

1 

OBSjtfcrf D tj iirjcuA' 
Tttc. 

1 

PjTlircrn jir Atocsr's 
roiiucLi. 

1 • . 

Vcbvctd nr 

VOBMCLI. 

Drj bulb. 

1 

Wet btilh. 

De^r point. 

j 

KtlaUrc 

huinidity. 

r>tf»r point. 

1 

Vcponr 

r.cUtiTe 

fcamidftT. 

1879. 

liny 4th 

1 

4 r.ii. 

in'(f 

i 

70 G” 

31-2^ 

1 

•IQS'' 

i 

i 

7 

i 

41G’ 

i 

•20G" 

II 

July 8lh 

4 r.M. 

81*5° 

so-r 

80-3° 

1'037'' 

97 

SOI® 

1010" 

97 

Dccpnibcr S71h 

4 A.M. 

41-4“ 

39-2’ 

300’ 

’212'' 

61 

3G‘V 

•21G" 

82 


f ' 

The humidities deduced hy moans of Apjolm’s formula arc always a little greaicr than 
those given by August’s ; but the diiference is almost inappreciable, unless the degree of 
humidity is less than 25 per cent. ’ 


Vapour Tension. 

Dhtrnal variation . — The diurnal variation of the clastic force of vapour in the air 
has been calculated in a manner similar to that emi^loyed for temperature and pressure. 
The controlling ohseiwaiions of d, 10, 16 and 22 hours are those of the five years from 
J^ovemher 1874 to October 1879. The hourly means of sixteen series of observations in 
each month contain many minor inequalities, that would probably disappear if the 
period of observation were extended ; and^ therefore they were smoothed by Bloxam’s 
method, before the five-year means at Gdiourly intervals were inserted. Table XIV 
contains the mean hourly pressures of vapour, thus corrected to represent five-year 

means : — 

TABLE XIV. 


Bhirnal variation of the Mean Elastic Force of VajpouT at Allahabad. 
(Means of 16 sets of Hourly Observations in each month, corrected to 5-yenr meansj. 


rtocE. 1 

Jan. 

Tcb. 

Jlaroft. 

April. 

aiaj-- 

Jane. 

Jd!/. 

Ang, 

Sfpt. 

Oct. 

Not. 

i 

Dec. 

Year. 

Midnight 



•342 

■365 

'400 

•44C 

•5S5 

•767 

•928 

•940 

•892 

•662 

423 

•332 

•5M 

1 



■338 

•361 

•394 

•439 

•SSI 

•761 

•924 

•942 

•892 

•654 

*422 

•313 

•5S5 

O 



•334 

•356 

•392 

•436 

•580 

•762 

■923 

•938 

•891 

•650 

•415 

•3i0 

'535 

3 


■ *« 

■329 

'352 

•391 

•437 

•SSI 

•772 

■924 

•931 

•SS5 

■049 

-414 

■335 

■5S3 

4 



•325 

■347 

•394 

■41R 

•5S8 

■780 

■935 

•927 

•SSI 

•6JS 

•413 

•330 

■584 

5 



•519 

•317 

•399 

■44S 

•599 

•781 

•920 

•925 

•879 

■OJS 

•40S 

•326 

■583 

6 



•313 

■345 

•400 

•452 

•617 

•784 

•919 

■93/ 

•gsi 

•633 

•400 

•326 

•581 

7 



■314 

•351 

•421 

•469 

•C2G 

•784 

•931 

•933 

•892 

•672 

•416 

•331 

•595 

s 



■32G 

•362 

•431 

•477 

•621 

■77S 

■943 

•941 

•906 

•6S3 

•432 

■346 

•604 

9 

*•4 

... 

•340 

•369 

•429 

■4G4. 

•609 

•774 

■955 

■949 

•914 

■678 

■439 

■358 

•607 
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Diurnal variation of the ATean Elastic Force of Vapour at Ailaha6ad-—conim\x(id. 


■ 


Bodb. 


Jan, 



April 

May. 



June. 

July. 

Anfr. 

Sept. 

Oct 

Nav. 

Dee. 

Ittr 

10 


**• 


•355 

•375 

■425 

•437 

'590 

•772 

•953 

•951 

•023 

•672 

•410 

■3C8 

C06 

11 



« •« 

'36D 

■376 

‘413 

•414 

'573 

•768 

•955 

•954 

924 

•664 

•-442 

•375 

•602 

2Joon 


**• 


'369 

•376 

•402 

•398 

•557 

*766 

■955 

•957 

•914 

•652 

•-444 

•375 

•596 

13 

« r* 

• *4 

• • * 

•3C5 

•374 

•393 

■381 

'544 

•73S 

•9G0 

•963 

•901 

•634 

•44G 

•372 

■6S9 

14 

>« 1 


... 

■366 

•368 

-393 

•374 

•527 

•729 

'964 

•952 

•S99 

•618 

411 

■367 

•5H3 

16 



4. « 

■368 

•365 

■393 

•375 

'513 

•734 

■D59 

•912 

■896 

■625 

■4-10 


'581 

IG 

• * I 

4 «« 

a a * 

•372 

•371 

•404 

■381 

'515 

•716 

■051 

‘945 

•895 

•634 

•463 

•3S7 

•583 

17 


• B » 

■ «. 

‘381 

•387 

•420 

•399 

'527 

•724 

■944 

■947 

■910 

•G76 

4*^5 


■600 

18 


... 

t »« 

•384 

•401 

•433 

•425 

'534 

•736 

•919 

•912 

•922 

'671 

•4S4 

•39S 

■607 

19 




•377 

■309 

■429 

•415 

'542 

•779 

•953 

■939 

•924 

•660 


•384 


20 




•369 

•382 

*421 

•447 

*632 

■783 

•949 

•939 

•921 

•G56 

•455 

•373 

•604 

£1 

.*• 


... 

■360 

•377 

•414 

•416 

•S62 

'778 

■950 

•943 

•915 

•657 

•A43 

•366 

•K)i 

22 



• •4 

•352 

•371 

•409 

•446 

•675 

'772 

•955 

■9iS 

•904 

•662 

•433 

•3G1 

•509 

23 

■ « • 

... 


•346 

■367 

•406 

•451 

'584 

'770 

933 

•948 

*894 

*664 

'430 

•360 

688 

Weans 

• • • 

. « • 


•351 

•368 

409 

•431 

■570 

'762 

•943 

•943 

•902 

*657 

•488 

•380 

•594 


In the cold weather months, the pressure of vapour is least about 6 a.m., that is, 
at the coldest time of the day. There is another minimum about the time when the 
temperature is highest, between 1 and 3 p.m. The forenoon maximum occurs shortly 
before twelve o’clock, and that of the evening about 6 p.m. During the hot and dry 
months — March, April, May, and June — the absolute minimum ocem^s between 2 and 
4) P.M. ; and, in the morning hours, the quantity of vapour in the air is least between 2 and 
3 A.M. (In June this minimxun falls between 1 and 2 a.m.). In the rainiest months 
of the year, July and August, the diurnal variation of vapour tension is almost directly 
proportional to that of temperature, the minimum occurring between 6 and 6 A.M., and 
the maximum about 1 or 2 p.m. The mid-day depression is stiU, however, faintly 
marked, and about 10 p.m. there is, apparently, a slight increase of vapour pressure, the 
cause of which is not very obvious. In September, the variation is similar to that which 
obtains in August, except that there is no increase at 10 p.m. ; and probably, further 
observations will show that this evening maximum is not a normal feature of the diurnal 
variation of vapour tension, in July and August. The great valuations in form of the 
vapour tension curves, from month to month, are sho-wn in Plate XXVI, bgs. 1 to 12. 

On the average of the whole year, the elastic force of vapour varies, during the 
diurnal period, in a manner very similar to that of the barometric pressure ; three of the 
turning points of the two phenomena being almost exactly the same. The evening 
maximum of vapour tension ocem's, however, about 7 p.m., while that of atmospheric 
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pressure is attained more than three hours later, hetrreen 10 and 11 r. 3 i. The near coinci- 
denc.e of the other epochs must ho more or less accidental, for it appears only in the annual 
averages. jMoreover, the morning minimum of vapour tension is equal to that of the 
afternoon, on the average of the year, while the haromctric pressure is much lower in the 
afternoon than in the morning. The diurnal variations of vapour tension and atmospheric 
pressure are connected with each other, in so far as' they are both oifects of the diurnal ■ 
inequality of temperature, hut it is doubtful whether there is any other connection between 
them, except in an indirect way. At a dry station like Allahabad, ndicrc the range of 
the inequality of vapour tension is less than one-fouitli of the range of pressure, it 
could never be supposed that the observed variation of the barometer is caused by 
the variation of the quantity of aqueous vapour in the air. 

The afternoon minimum of vapour in the atmospheric strata near the ground, most 
distinctly marked in the months when no dew is deposited at night, and when little or 
no evaporation goes on during the day, is probably caused by the upward diffusion of 
vapour. In an atmosphere where the degree of humidity is far below the satmntion 
point, the vapour tension will he directly proportional to the absolute temperature, so 
long as no diffusion takes place ; hut the rate of diffusion will he proportional to the 
square of the absolute temperature. In such an atmosphere, the pressure of vapom* 
will go on increasing up to a certain point, as the temperatiue nses ; and will then dimi- 
nish, when diffusion more than counterbalances the increase of elastic force due to 
increase of temperature or to evaporation. Cloud observations indicate that such vertical 
diffusion does actually take place.^ 

The evening maximum is caused, according to Ki’eil’s theory of the barometric tides, 
by the contraction and sinking of the upper layers of the atmosphere, the consequent 
dynamic heating of the cloud-hearing strata, and the dispersion of the clouds they con- 
tain, followed by a downward diffusion of some of the vapour thus formed. According 
to this theory, the evening maximum of vapour tension would probably occur later than 
6- or 7 F.H., the average hour given by the observations. It is unsafe, however, to 
theorize, or to test a theory, with only 16 days’ observations for each month to 
go upon. 

Annual variation . — Table XV gives the mean monthly values of the tension of 
vapour at Allahabad, for the five years 1875—79. These are the means of four observa- 
tions, taken daily at equal intervals of six hours. Like the 6 -hourly means of pressm'e 


' 31r. Blsvnford has pointed out to me that the afternoon minimum of vapour tension near the ground, and the nearly simul- 
taneous maximum of cloud, may he caused by the eemi-diurnal interchange between the lon-or and upper cniTOnts of the atmosphere 
suggested hy Dr. KGppeu in the Zeitschriftfur MeteoroJogie, B. XIV, p. S33. The transference of vapour from the lower to the 
cloud-hearing strata of the air might certainly he effected by such an interchange of the winds, if it really csists, even more 
readily than hy simple diffusion. 

Another cause that probably accounts for part of the afternoon minimum in the hot weather months, is the prevalence of hot 
winds at that time of the day, hloiving from the drier regions to the west and north-west of Allahabad ; though, owing to the dryness 
of the ground about the station, the increase of vaponr in the evening when the wind has ccustd to blow can only he very slight. 
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these are exactly equal, on the average of the whole year, to the means of twenty-four 
hourly ohservatious, and the maximum diflcrence in any month is ‘003 inch : — 


TABLE XV. 

Mean Montlihj and Annual Vapour Tension. 
{Cleans of 4 olso'vationsj. 

y 


Tbir. 

Q' 

Feb. 

March. 

i 

April. 

1 

May. 

June. 

July. 

Aug-. 

Sept 

Oct. 

Kor 

Pec. 

T«r. 

18Tk> *** 

•325! 

•403 

•481 

•464 

•604 

! 

‘8SG 

•984 

! 

•9G4 

1 

•930 

•G23 

•413 

•370 

'621 

16^6 "■ 

•312 

■295 

•356 

•330 

•521 

*744 

•89S 

•873 

•832 

'078 

•447 

■343 

■553 

1877 

•428 

•349 

i 

•450: 

‘6311 

i 

'592 

■784 

■862 

•891 

'831 

•C12 

1 -174 

j '421 

'605 

1 

18/8 

•364 

■431 

i 

■392 

•486 

•G30 

i 

•G40 

j 

lOOG 

i 

i 

1002 

•0S2 

•GIS 

■454 

‘318 

I 

•613 

1879 **• •** *•* 

’325 

i 

•354 

•35G 

•323 

1 

•491 ! 

•74GI 

1 

■9S6 

•989 

1 

■928 

'704 

•3G5 

1 

■306 

1 

■573 

Zslcfin •!« 

•351 

’3CG 

*407 

•42S 


•760 

947 

•914 

'901 

'C59 

1 

•3u3 

•593 

Probable error ... ... 

'032 

■035 

'038; 

1 

•0C4 

1 

■039 

•062 1 

•043 

•039 

'015 

'022 

•029 

■032 

■019 

Mean computed by Bessel’s formula 

•350 

•398 

•40 ii 

•439 

•660 

•752 

'026 

•959 

•SCI 

•657 

•449 

•352 

1 •» 

DifForence, obsen-ed — computed ... 

4-001 

-•032 

-f-003 

-•Oil 

-f-001 

4-*C)08 

4-021 

--015 


n 

-•018 

+ 

o 

o 

... 


The monthly means indicate that, about the beginning of the year, when the tem- 
peratm’e of the air is lowest, the pressm’e of vapour is lowest ; and that, in the first four 
months, the quantity of vapour increases very slowly as the temperature rises. Before 
the setting in of the rains, and for sometime after their commencement, the propor- 
tion of aqueous vapour increases rapidly, and attains its maximum about the end of July. 
The annual variation of the elastic force of vapour may be represented approximately by 
the formula — 

^71 = O’SOS^ -h -3124' shi {n 30'^ + 250“ 15') 

4- 'QSoS'sin (« 60^ + 31“ 34') 

+ •0120" sin {n 90'’ + 29“ 33') 

The last two lines of Table XV contain the monthly means calculated by this formtda, 
and the dificrcnces between the observed and computed values. These difierences are 
greatest in Bebruary and September. According to the formula, the minimum pressure 
of vapour, occurs about the 2nd of January, and the maximum on the 6th of August. 
The former of those dates is a little hefore the time of lowest temperature, and the latter 
about a week after the heaviest rainfall of the year. 
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In Taljle XVI the normal daily values of the tension of vapour, computed in the 
same "svay as those of tempcratui'e and pressure, are given : — • 

TiVULU XYl. 


Normal Daily Dlastio Force of Faponr at Allalialail, 


Dub. 

Jan. 

fet. 

ilarch. 

April. 

Mttj. 

Jane. 

July- 

Ang. 



XOT. 

Dee. 

1st 


... 

a*i 

•333 

■335 

•340 

•423 

•464 

•674 

•931 

■950 



•197 

•376 

2nd 

t < • 



•337 

•329 

•340 

-421 

•480 

•677 

■916 

*962 

•959 

•635 

•471 

•375 

3rd 

... 

1 1« 


‘343 

■331 

•344 

•421 

•4S9 

•678 

•957 

•970 

•963 

•626 

‘453 

•362 

4Ui 



• t « 

•344 

■337 

•350 

*422 

•493 

•678 

•964 

•972 

•959 

•810 

•450 

•3S9 

5t1i 



r»» 

•340 

■345 

•357 

•416 

•497 

■G31 

■062 

■972 

•952 

•792 

•163 

•390 

6th 

«*i 


»•» 

33G 

•353 

•366 

•406 

•513 

*694 

•952 

•968 

■916 

•776 

•481 

•387 

7th 




•337 

■339 

•371 

•399 

■530 

•696 

•939 

•9G2 

■016 

•762 

•49S 

•3S3 

Sth 

. **• 



•343 

•364 

•377 

•398 

•643 

•GS2 

■929 

•953 

■943 

•714 

•491 

•381 

9th 




•354 

■36S 

■3S7 

•401 

•553 

*G59 

■926 

•955 

‘918 

•721 

•4CS 

•377 

10th 

«•» 


/ <#* 

•370 

•371 

•404 

•414 

•55C 

•641 

•934 

■952 

•943 


•444 

■366 

nth 



• •• 

■388 

.366 

•425 

•440 

•549 

■640 

•947 

■914 

•933 

•697 

•433 

•319 

12th 

»<• 

t« » 


■399 

■355 

•445 

•471 

•539 

■650 

•055 

■933 

•91G 

•697 

'428 

•334 

13th 

«(« 


«•« 

•398 

■348 

•459 

•486 

•337 

■661 

•953 

•924 

■904 

•697 

•421 

•329 

14th 

««• 

(«• 

• k* 

■3S9 

■353 

•463 

•472 

•646 

•671 

•946 

•921 


■694 

•420 

•330 

16th 

«*• 

■ •1 

*«« 

■382 

■362 

■460 

•410 

•553 

•6SG 

•910 

•D18 

•8S6 

•669 

-117 

•333 

1 

16th 



«C« 

•378 

•3G5 

•453 

•413 

■559 

■707 

•935 

■915 

■852 

•631 

■417 

•310 

17th 


• *« 

• •k 

■375 

•365 

•442 

•402 

•5CS 

■739 

•941 

•014 

•883 

•673 

*418 

•344 

18th 

«f • 



■3C7 

■369 

•423 

••103 

■682 

■775 

•948 

•920 

•880 

•CGO 


•314 

19th 

• i* 

«•* 

f < ■ 

■359 

■380 

•403 

•415 

■593 

.•808 

■951 

•930 

•890 

■635 

•126 

•339 

20th 

• t« 



■351 

•398 

•393 

•424 

■595 

•832 

■951 

■941 



■424 

■330 

2lBt 




•341 

■414 

•393 

'429 

■592 

•851 

■948 

■914 

•673 

•569 

•414 

•320 

22ad 



<<« 

•331 

•422 

•393 

•429 

•588 

■863 

•945 

■946 

•870 

•552 

•399 

•S16 

23rd 


!•» 


■323 

■411 

•403 

•426 

*580 

•869 

•946 

•947 

•876 

•546 

•369 

•321 

24th 

t** 

«<• 


•317 

■391 

•411 

•424 

•589 

■877 

■956 

■948 

•879 

•544 

•384 

•336 

25th 

• tt 



■314 

•378 

■423 

•426 

♦599 

•890 

■963 

•919 

•871 

•538 

•396 

•353 

2Gth 


• ** 


■317 

•372 

•433 

•430 

■613 

■903 

•974 

•947 

•853 

•531 

•401 

■365 

27th 

• • • 

*!• 


■327 

•364 

•438 

•435 

•632 

■910 

■069 

•941 

•835 

•524 

•400 

'374 

2Sth 


at! 

... 

■33S 

•350 

•433 

•441 

•651 

•912 

•953 

•933 

•S29 

m 

•397 

■372 

29th 




■346 

B 

•428 

■446 

•663 

•913 

■936 

■929 

•833 

•526 

•391 

•363 

30th 

»*• 

a»f 


349 

H 

•425 

•451 

•6GS 

•921 

■929 

■932 

•838 

•525 

•383 

■348 

31st 




•34-i 

B 

•425 

... 

‘C70 

... 

■925 

•939 

... 

•51G 

... 

•336 

Mena 




■351 

■366 

•407 

•428 

’567 

■761 

■947 

•943 

■901 

■659 

•430 

•354 

Sleftti of 1st 10 days 



•344 


•304 

•412 

•512 

■676 

■944 

•962 

•951 

•781 

•480 

-.381 


of 2nd 10 „ 


k«* 

■379 


m 

438 

•562 

•717 

-947 

•926 

•896 

■672 

•■423 

■337 

U 

of rcroalning days 

*•* 

«« * 

•332 

•388 

•419 

•434 

•622 

■891 

•950 

•941 

•S5G 

-53G 

1 

■305 

■346 

1 
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KESTJLTS OP TILE METEOROLOGICAL OBSERVATIONS 


According to this table, the vapour tension attains its maximum on the 4th or 5th 
of August, and reaches its lowest on the 22nd of January* There is another mmimiim, 
about the 22nd of December, nearly as low, and the date of minimum deduced from the 
above formula lies between the two ; the increase of vapour pressure about the middle 
of January not being represented in the formula. The tensions in this table are sub- 
ject to numerous fluctuations of small range and short period. Some of these would 
doubtless disappear, if tbe observations were extended over a longer time ; but otliers 
are of a normal character and re-appear every year : for example, the maxima about 
the 12th of January and 14th of March. 

At the middle of May, the vapour pressure first begins to increase rapidly ; tbe rise, 
from tbe 15th to the 28th of that month, being nearly a tenth of an iacli. It then 
rises slowly until the 12th of June, when it again increases suddenly, going up 2.10tlis 
of an inch between tbe 12tb and 21st. Tbe most rapid decrease takes place in the 
first ten days of October ; the difference between tbe mean vapour tensions of the 
3rd and 9th exceeding a tenth of an inch. These peculiarities of the annual variation 
are shown in the broken curve of fig. 14, Plate XXVI. 

Variability of vajmtr tension . — The tension of vapour is one of the most variable 
meteorological elements observed in this part of India. The probable errors of the 
monthly means, derived from five years’ observations, are greater than those of the 
5 -year means of pressure ; and in April and June these probable errors exceed 6-lOths 
of an inch. Tbe quantity of vapour in the air is so variable in June, because the 
rains, which usually commence about the middle of that month, are sometimes early 
and sometimes late; the great variability of vapour tension in April is due to the 
high temperature of the month, combiued with the fact that it is usually rainless ; but 
sometimes has a few showers (as in 1877), tbe evaporation of wliicb produces a great 
increase in the proportion of vapour in the air near the ground. 

The maximum tension of vapour at any hour of observation was 1*208,'' at 10 A.M. 
on tbe 21st July 1878. The minimum was *138,"' at 4 A.M. on the 5th February 1876. 
On tbe former of these dates, the daily meaU was 1*120', and on the latter only *175". 

Relative Humidity. 

Diurnal t)ariailon . — ^Tahle XYII exhibits the hourly values of the mean degree 
of humidity for each month, calculated from the same data and in the same way as the 
hourly vapour tensions given in Table XIV : — 


TABLE XVII. 

Mean Ttonrly Humidity at Allahahad. 

(Means of 16 sets of hourly ohservatlons in each month, corrected to b-year means). 


Hocn. 

Jnn, j 

Feb, 



May. 

1 

Jane. 

JTily. j 

Aug. 

Sept. 

Oct. 

Kot. 

Dee. 

1 Ttat, 

Mianiglit ... 

1 

82-1 1 

73 3 

67-7 

45'4 

51*0 

59-5 

81-3 

■" " 1 

80 9 j 

85-7 

ai*3 


847 

72 7 


S3 9 ' 

75-4 ' 

59 0 

47-6 

52 5 

601 

81-8 

i 

87-4 1 

87-7 

84-7 

82-0 

SOU 

74T 

2 1 

8o-3 ' 

77'3 

60 2 

49-G 

63-9 

00 4 

82-9 

1 

87-5 

8S-3 

85-G 

83 9 

8C7 

75-2 

® ■»« 1 

862 i 

1 

79 2 

61-9 

61-4 


63-1 

1 

84-5 



87*1 

85 2 

87-3 

7G5 

1 

























TAKEN AT ALLAHAKAD. 
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lifean hourly Ihmidity at Allahalad — continued. 


ITortf. j 

Jua. 

Peb. 

SI arch. 

Atirtl, 

May. 


July. 

Aug. 

Sept. 

Oct. 

Nor. 

Pee. 

Tear, 

4 



6C'8 

81-0 

61*4 

53-6 

57-G 

Gl-G 

85-8 

88-2 

89*2 

8S-2 

SG-S 

63-2 

77-8 

' 5 

■ > r 

... 

870 

82-4 

66-4 

55-C 

60-0 

Gi'G 

85-7 

SS-G 

90-1 

S9-0 

6GG 

8S*7 

787 

G 

«•« 

* « « 

86G 

62G 

GG-a 

65-2 

60-0 

on 

81-3 

85-3 

69-9 

89-5 

65-3 

es-7 

7S-4 

7 


ft*. 

84-0 

79-8 

G3G 

50-4 

53-5 

Gl-5 

81-C 

GG-C 

67-8 

8C-3 

St'3 

60-7 

75-5 

8 

t • 1 

ft* ■ 

79-8 

71-G 

54-G 

42-5 

4S0 

66-3 

78-2 

83-5 

83-7 

7S-4 

72G 

60-1 

691 

9 

»«• 

... 

70-9 

61-2 

4.1-4 

34-8 

41-8 

49-4 

74-8 

79-5 

78-C 

CSC 

Gl-6 

C9*o 

61*3 

10 


... 

62'2 

53-2 

37-0 

29-0 

350 

40-4 

71-C 

75-G 

74-6 

CO'G 

52-0 

59-2 

617 

11 



6 GG 

47-3 

82C 

24-4 

30-8 

43-1 

69-1 

73-1 

71-3 

61-C 

45-3 

61-7 

49-9 

Noon 

11* 

**f 

Gl'3 

42-9 

28-8 

21-7 

2 S-0 

40-7 

G90 

72‘2 

CS-0 

50-5 

41*9 

4G-3 

4G-8 

13 

■ •k 

... 

47G 

40-1 

26-7 

19-7 

26-1 

38-9 

GS-5 

71-7 

CG-l 

47-9 

38*7 

43-0 

4i-G 

14 

... 

1 * • 

46*5 

38-5 

2G0 

19-0 

24-8 

38-3 

G7-7 

70-5 

05-7 

4G-4 

3S-1 

4l*C 

43' G 

15 

a 1 . 

ft.. 

466 

37-8 

2G-2 

19-3 

24-7 

38-4 

G7-7 

70-4 

GC-4 

47-5 

39-1 

42-6 

43-9 

16 

.«» 

ftl. 

496 

30-3 

27-8 

20-4 

25-6 

39-0 

G7-8 

72-0 

68-4 

53-2 

45*4 

49-0 

4G-4 

17 

• t.* 


57-2 

45-8 

321 

21-2 

27-8 

41*4 

69-2 

736 

72-8 

61-9 

6GD 

59-9 

Gl-G 

,18 


4«. 

66-1 

54-8 

37'9 

26-8 

31-2 

4G-1 

73-8 

77-3 

78-1 

G8-2 

63'3 

CS-3 

57-8 

19 

• «« 


71-6 

61-5 

43-3 

32*5 

35-0 

50-7 

7G-G 

80-G 

81‘7 

72-0 

C9-2 

73-4 

G2-3 

20 

««k 

t»« 

74-5 

64-9 

4G'8 

36-2 

38-7 

63-G 

78-9 

82-7 

83-7 

75-3 

71-C 

76-4 

Cj^3 

21 

«** 

««« 

76-4 

66'9 

49-3 

S6-8 

42-0 

5oA 

80'6 

81-5 

81-7 

78-4 

7-ro 

7S-5 

67*4 

22 


*.. 

.78-0 

C9'0 

62-2 

41-0 

45-6 

670 

81-4 

85-0 

85-2 

80-8 

76-4 

81-0 

C9-4 

23 


ft*. 

800 

71-1 

65-7 

43-5 

48-8 

68-5 

81-4 

860 

83*7 

83-1 

790 

83-0 

71-3 

Moans 

«•« 

tf • 

70-7 

03-4 

46-7 

3G-G 

41-7 

52-1 

76-8 

80-8 

80-1 

71*8 

C0*7 

70 9 

C3-1 


The diurnal inequality of absolute humidity is so small, that the relative humidity 
or hygrometric state of the air is determined almost entirely by the temperature. 
The percentage of saturation, therefore, varies inversely with the temperatiue, as Table 
XTIII indicates ; and the maximum of the one coineides as nearly as possible with the 
minimum of the other, and vice versa. The diui-nal range of humidity is usually very 
great, amounting to 85 per cent, on the average of the year, and to 50 per cent, in hlov- 
ember; but in August it is little more than 18 per cent. 

The first tliirteen figm’es of Plate 5XVII represent the hourly variation of huimdity 
for each month and for the whole year. 

. Annual variatio 7 i . — Obserwations of relative humidity taken at 10 A.3i. and 4 e-at., 
fairly comparaWe with each other, ezist for the whole ten years ; and for the whole period, 
except the months mentioned ahoye mder the section on temperature, ohsexyabons at 
10 P.II. and 4 A.M. haye also been recorded. The means of four observafaons for the mouths 
■ iu which four daily observations were taken, have been accepted as approximate diumal 
means, though they are ahout.l per cent, too low, because the mean of four eomdistaut 
observations of temperatee is a little too high, l?or those men hs m which the mght 
- obseiwations are wanting, the mean humidity at 10 a.m. and 4 p.a. has been converted into 
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RESULTS OP THE METEOIIOLOGICA.L OESERYATIOXS 


an assumed diurnal mean by multiplying Y'itb a factor computed from the observations 
of tlie same month in other years. Tliis method of calculating daily means is hardly 
legitimate, for there is no evidence that both the range and the general character of the 
diurnal variation were the same in those months as in other years, but the error 
introduced by this process does not seem very great. Table XVIII gives the monthly 
means for ten years. It will be seen that the averages at the foot are considerably 
greater than those for the last five years in the rainy season, June to September, 
and less in the winter months. Three of the last five years, IS'FC, 1877, and 1878, 
liad much less than the average rainfall in the -summer months, and were unusually 
cold and moist in winter. In 1877, this abnormal character of the season was most 
marked, and the most humid month of that year was not August, hut J anuary : — 


TABLE XVIIL 

Mean r&lative hnmiditi/ {per cent.) for each month oj 10 pears, 
Means of four Observations), 


Teib, 

53 

P 

February. 


April. 

€ 

o 

3 

P 

rt 

CJ 

bo 

P 

< 

’b 

o 

o 

W 

October. 

«.> 

B 

o 

B 

P 

u 

*• 

1870 

4*4 

CIO 

56 3 

6C'0 

60-7 

33-1 

68-1 

81-4 

82-8 

79 9 

74 3 

663 

62-7 

63 5 

1871 

4*» 

02-2 

6S-9 

42 0 

43-8 

42-6 

77-4 

88-0 

SG-1 

86 6 

G3'0 

57-2 

67'S 

6i'G 

1872 


80 6 

62‘9 

462 

48-2 

44-6 

60-7 

79-2 

86-1 

83-6 

GS-2 

C3-3 

C9 2 

COO 

1873 

«»• «•< 

64-6 

60-8 

47-5 

37-5 

41-7 

45-3 

83-5 

83-2 

80-8 

G4-7 

640 

71-0 

620 

1874 

•It ••« 

65’0 

65-0 

41*2 

32-8 

33-0 

70 2 

83-3 

87-2 

80 8 

69 7 

68-5 

CSS 

63 0 

1875 

••• 

66-5 

66 7 

48 0 

36-3 

43-7 

64 0 

83-8 

8S0 

84-7 

CD-5 

6i-S 

70 0 

65-6 

1876 

• • • 

CO 7 

48 0 

41-0 

27-0 

36-8 

47-0 

75-2 

75-5 

75-6 

80‘5 

71-3 

73'2 

69 3 

1877 

•*t ••• 

82'2 

71-7 

670 

502 

44-0 

54-0 

63-0 

G4-8 

04 2 

G4-3 

59 0 

72-5 

62-2 

1878 

■•• ••• 

74-0 

G2'8 

41-5 

41-2 

49-3 

38-2 

75-0 

83 8 

85-7 

63-3 

62-5 

62-2 

61-5 

1879 

... 

62-3 

640 

39-2 

25-3 

29-0 

65-5 

86 2 

69 0 

SG-6 

77-0 

62 0 

67-3 

61-1 

Mean 


67-9 

59 7 

46 0 

39-3 

400 

67-0 

79-9 

826 

60-8 

69 4 

63-9 

63 6 

62 9 

ProbaWe error 


6-4 

4-6 

4-3 

0-2 

4-6 

8-0 

4'9 

60 

4-6 

4*3 

2-8 

2'G 

1-5 

Mean computed bj Bessel's formula 

GD'2 

61-1 

47-5 

37-8 

40-4 

SG'C 

76-8 

84-2 

78-0 

6S-S 

C5-8 

68 6 

... 

Difference, observed 

— computed ... 

—1-3 

—1-4 

—1-5 

+1-6 

—04 

— 0-4 

+3 9 

— 1-G 

+2-3 

+0-6 

—1-9 

—0-1 

... 


The hygrometric state of the air, being an inverse function of the temperature as well as 
a direct function of the absolute humidity, has "two maxima in the twelve mouths ; one 
in Aupist, about the time when the quantity of vapom* in the air is greatest, and the 
other in January, when the temperatm’e is lowest- The annual variation of the relative 
humidity of the air may he represented by the formula— 

2r^,==C2-9 + 16-55 sin (h30''+190'’ 501 
+ 11-19 sin (k60°+ 59° 11') 

+ 0-47 (?i90°+ 194° srj 
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The angles are counted from the middle of J anuniy, as in the x^revimis f ormnhc for 
the annual variations. This formula represents the mean humidity of any month very 
closely, except in April, and in July, August, and Septemher, In these latter months 
the observed mean humidity is nearly constant, vrhile that calculated hy the formula is 
higher in August than in July or Septemher. Intlg.ld, Plate XXTO,* the observed and 
calculated figures have been plotted together. The annual maxima occur about the 
beginning of January and the 22nd of August, and the minima about the 2-J;th of April 
and the middle of November. 

It has not been thought "worth while to work out the normal humidity of eacli day 
separately. ' 

yariahility oj^ relative Immldity , — ^The hygrometric state of the air is very variable 
in every month. It is most variable in June and least so in December. The average 
degree of humidity for the whole year is, liowever, remarkably constant ; the probable 
error of the ten-year mean being only 1‘5 per cent. Tliis is due to the circumstance that 
a warm and dry " cold weather” is almost invariably followed hy a cool and rainy 
summer, while the summer rains are scanty when the previous winter has been cold and 
moist. 

The lowest degree of humidity recorded at any hour of observation was 6 per cent, 
at 1 P.M. on the 28th April 1879. In the months of April and the degree of 
humidity frequently falls as low as 10 per cent, during the afternoons, and in the cold 
weather and rainy season it, of course, sometimes reaches complete saturation. 

Cloud. 

The proportion of cloudy sky, estimated in tenths of the whole expanse, has been 
entered in the register for each hour of observation, during the last five years ; and for the 
day hours (ip A.Ai. and ^p.m.) in the earlier years. Cloud observations being taken hy 
personal estimation only, and not hy reading any instrument, may he expected to vary a 
good deal vrith different observers ; hut the estimates made by tlie several observers who 
have been employed at Allahabad appear to agree very well. 

.Dinrnal variation . — ^The data for computing the hom-ly variation of cloud for each 
month are for the same period of observation as those employed in the discussion of 
vapour' tension and humidity, and they have been combined in exactly the same way : — 


TABLE XIX, 

Diurnal variation of Cloud at Mlahalad [in tenths\. 

{Means of 16 sets of hourly observations m each month corrected to 5-i/ear means.) 


Hottb. 

Jbq. 

i 

1 Feb. 

i 

i 



JIaj-. 

Jane. 

' Jolf. 

1 

Ads', 

1 

i 

Sept. 

1 Oct, 

1 

Not, 

1 

1 Dec* 

1 

j 

Tear* 

Uidniglvt ' 

1-42 

2*16 

1*89 

a 

1*56 

2*93 

S*91 



1‘30 

1 

0-5S 

1 

1*'9 

2*58 

1 

P60 

2*51 

2*16 

1*16 

1*49 

3*00 

5*85 

6*29 , 


1*31 : 

0*62 

1*23 

2*G3 

• 3 ... - ! 

r7i 

2*51 

1 

2-14 

1*01 ! 

1*54 

3*19 

C-2S ! 

C*1D I 

4*10 

1--10 

0-58 

IMS 

2C3 


1*£)3 

i 

' 2*‘i8 

1*71 

1-05 

1 

1-GO 1 

1 

3*79 

GG2 

G OG : 


1-50 

1 

0'5S 

IMl 

2*75 

4 

2*10 

; 1*70 

1*3£> 

1’41 

2*0 1 

4*37 

6*G9 ' 

6*37 ; 


1*G1 ' 

1 

0*37 

1*25 

2 83. 
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Diurnal variation of Cloud at Allahabad (in leulhsj' — continued. 


Hown. 

Jan. 

Fel3. 

ilaicli. 

April. 

Maj. 

JOQC. 

July. 

Aug. 

Sept. 

Oct.' 

Nor, 

Dec. 

Twr. 

5 


t « » 

2-30 

1*61 

143 

1-94 

2-59 

4-80 

6-63 

6-87 

6-59 

1G7 

0-57 

1-21 

311 

G 


• 14 

2-35 

£'00 

1-99 

2-07 

2‘5G 

4-87 

G-57 

7-OG 

6'45 

2-Oi 

0 Go 

1-58 

333 

7 

... 


2 33 

2-67 

2-55 

1-95 

2'01 

4-7G 

G-30 

7-09 

GGO 

2-21 

0 69 

1-81 

3 42 

8 

*• « 

... 

2-30 

2-71 

2-46 

1*77 

1-G3 

4-48 

G-59 

697 

G30 

2-15 

.0 70 

1'8S 

8 S3 

9 



2-20 

2-32 

1-84 

1-58 

1-G6 

4-18 

7-34 

6 86 

5‘SO 

2-03 

0 78 

1-7G 

3-20 

10 


... 

2-49 

2-17 

l'G8 

1-42 

1-58 

4-12 

7GG 

7-01 

5-43 

1-94 

083 

1-Gl 

3'lC 

11 

• a* 

... 

2-65 

1-92 

2-21 

PIS 

1-41 

4-31 

7-91 

7-19 

6-80 

1-88 

0'72 

1-50 

3 23 

Noon 


... 

2'Gl 

1'82 

2-69 

G-94 

1-47 

4-31 

8-09 

7’45 

G-18 

2'IG 

0G5 

1-49 

3'33 

13 

*4 1 

... 

271 

1-65 

2-G7 

0-87 

2 04 

4-47 

8-00 

7-68 

G20 

2-32 

0G3 

1-71 

3-13 

14 

• ** 


291 

2-13 

2-47 

1-20 

2-G8 

4-99 

7-90 

7-71 

6-93 

2-20 

0 77 

1-93 

3 57 

15 

• «« 


2-97 

2 ‘42 

2-43 

1-66 

2-52 

5-33 

7-94 

7-39 

5-67 

2 03 

1-Oi 

180 

3G0 

16 


»« 

2 71 

2 59 

2-50 

2-02 

211 

5-41 

7-95 

7-19 

6-69 

2'00 

1-lG 

1-61 

3 58 

1? 

• «« 

... 

2 49 

2-5S 

2-82 

2-Gl 

2-03 

5-38 

7-69 

7'42 

6-GG 

2-21 

1-23 

1-33 

3G2 

18 


«»• 

2-40 

2-35 

2-43 

2V0 

2-11 

5-32 

7-92 

7'51 

5-14 

1-81 

1'22 

1-04 

3'50 

19 

««« 

4 « • 

2-25 

1-92 

1-G7 

211 

1-SG 

4-87 

7-76 

7'40 

4-25 

1-31 

091 

O'OG 

3-11 

20 

• • • 

• • « 

1-91 

I'GO 

1*28 

1-33 

1-Sl 

4-11 

6-87 

7-19 

4-09 

1-38 

OGO 

092 

2 73 

21 



1-78 

1-07 

I'47 

0’08 

1-25 

348 

6-49 

6-69 

4'30 

1-40 

O-dO 

0-84 

2-37 

oo 

• «4 

e* • 

1-02 

i-5G 

l-Gi 

1*07 

1-Gl 

2-09 

GG2 

C-18 

4-47 

1-26 

013 

0 78 

2‘52 

23 

■ » » 

• » « 

l-4t) 

l'G5 

1‘77 

1*19 

1-74 

2-81 

G-46 

GIO 

4-05 

1-30 

0-43 

1-03 

2-55 

Means 

... 


2-22 

2 1^2 

2-05 

1*52 

1-85 

4-2G 

7-05 

C-91 

G-2G 

1-77 

0 73 

1-39 

3-10 


The proportion of cloud for each month is greater in the day than in the night hours. 
This relation has heen observed by Kreil at Vienna and by IS^eumayer at Melbourne. 
The cause is, doubtless, either the upward diffusion of water vapour trhen the sun 
is above the horizon, or the possible ascent of the lower and descent of the upper atmos- 
pheric currents in the day time. In the rainy season, and in January, the maximum of 
cloud occurs at the hottest time of the day, when the humidity of the air near the 
groimd is least; but, in the dry months, it generally occius latei’, about 4 or 5 p.m. In 
every month, there is a secondary maximum in the morning, usually about 6 or 7 a.m. ; 
that is, at the time when the temperature of the air is lowest. The smallest jiroportion 
of cloud is observed between 8 p. m. and midnight, or about 10 p. M. on tbe average of 
the year. There is another minimum occurring between 9 A. M. and noon, or at 10 a.m, 
on the average of all the months. In some months also, there is an apparent increase 
of clond ahont the hour of sunset, hut this may he a mere optical effect, due to 
the lighting np of thin films of cirrus that were previously invisible. The cloud 
variations represented in the first thirteen curves of Plate XXVIII are not very 
regular, but there is iu all of them an obvious tendency to a double oscillation in 
the daily period. 
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The liiimidity o£ the air in the cloud-hearing strata is greatest, on the ayerage, when 
the temperature is lowest, and when the vapour contained in the aii* reaches a maximum 
by diffusion from below. It is least at the times of highest barometric prcssiu-o, when, 
according to KreiL’s theory, the cloud-hearing strata are dynamically heated by the 
sinking and compression of the overlying air. This seems to bo the most reasonable 
explanation of the evening ininimnm. That of the morning is probably caused simply ^ 
by the dissipation of cloud by the sun’s beat before diffusion begins to increase the humi- 
dity of the upper strata, 3?ew as are the observations on which Tabic XIX is founded, 
they confirm in a very striking manner the deductions from Krcil’s theory given by Jkir, 
Blanford in explanation of the diurnal variation of rain frequency at Calcutta,’ and this 
close agreement of theory and observation speak well for the care with wliich the 
observer, Babu Kader Xatb Chatter jee, has made his cloud estimations since ho com- 
menced work in 1876. 

Annual variation , — The annual inequalify of cloud is very similar to that of the 
relative humidity of the lower atmosphere. Since the beginning of 1870, cloud obser- 
vations at 10 A.H. and 4 p.m. have been made nearly every day, and the monthly 
means of these have been adopted for determining the annual variation, though Table 
TTX shows that they are always a little too high : — 


TABLE XX. 

Msari Cloud FrojiortianJhr each nonih of ten years, 
(Means of S observations). 


'Xei.ii. 

Jaa. 1 

Feb. 

March. 

April. 

May. 

Jaac. 

1 

July. 

Ad?. 

Sept, 

1 

Oct. 

Sot. 

I>ec. 1 

Tear. 

28?0 

■ A* 

«• ■ 

f «« 

1‘80 

3-2G 

3-74 

179 

1-08 

5-25 

7-36 

7'00 

4-84 

2-65 

0-71 


3-45 

1871 




2-G6 

2-43 

1-34 

171 

1-94 

6-48 

873 

8-49 



1-95 

415 

4-03 

1873 



• 44 

4-65 

2-38 

2'95 

3-30 

0-42 

6-10 

8-83 

913 



1'37 

2-29 

4'2S 

1873 


4 »• 

4 4 4 

2-66 

1'9S 

1’05 


3-36 

4-00 

9-13 

7-27 

5-33 

013 

0-98 

1-21 

317 

,1874 

• k » 

• 44 

• 44 

2-76 

2'03 

2-84 


1-20 

8-13 

9'13 

9'GG 

673 

2-24 

1-27 

218 

4’07 

1875 


J«« 

— 

1-95 

3-65 

0*17 

0-35 

1-45 

5‘55 

770 

7-43 

5-90 

0-93 

0-35 

1-45 

3-OS 

1876 


4 1 4 

444 

0;62 

0-70 

2-85 

OS5 

0-S5 

3-80 

8'35 

7-05 

6-15 


0-90 

1-20 

2-94 

1877 


»l • 

444 

616 

2-45 

4-30 

3-60 

3'20 



6-25 

3-10 

2'S3 


3-SO 

4-03 

1878 



■ •I 

S-70 




1-95 

2’90 


775 

6'84 

I'58 

1-83 

061 

3-47 

1879 


k*a 




iH 


178 

5-o3 

8-39 

801 

5-93 

2-47 


1-05 

3'28 

Mean 

44 » 

«4 ■ 

• •• 

2-75 

'2-40 

2*24 

171 

172 

5-27 

8-23 

771 

612 

173 

M2 

1-9S 

3-5S 

ProtaWo error ' 

P»4 

... 

1 

0-49 

i 

o-ss 

0-86 

0‘55 

1-00 

0-51 

0-83 

104 

066 

0-34 

0-80 

0-32 


‘ Jour, As. Soo., Bengal, Vol. SLVIU, Part U, p. -Ij. 





























HEStJLTS OF THE METEOEOliOGICAL OBSERVATIONS 


SdjJi 

Tlie cloudiest times of tlie year are the middle of January and the latter lialf of 
July : the least cloudy are the end of April and the second week of JS^oveinher. Tho 
annual variation is represented in fig. 14*, Plate XXTIII. 

yariahility of cloud . — ^Tlie probable errors at the foot of Table XX indicate that 
the extent of cloudy sky is most variable in January and at the beginning and end of 
the rains. In January, the probable error is nearly half the ten years' averagd, that 
month being sometimes almost cloudless, as in 1876 and 1879, and sometimes nearly 
as cloudy as the rainy season, for example, in 1877. In the year with least cloud, 1870, 
there was no winter rain, and the summer rains were very light ; while, in 1874, when 
the cloud proj)ortion for the whole year was greatest, both udnter and summer rains 
were heavier than usnaL 

Rain. 

The data availahle for determining the mean rainfall of Allahabad are the fob 
lowing : — 

(1.) The registers kept at the Meteorological Observatory for the years 1870—1879 
and parts of 1808 and 1869. 

(2.) A record kept at the Tahsildar’s Office, about a quarter of a mile from 
Dr. Irving’s house, where the ohservatory used to he situated, and three quarters of a 
mile from the present position of the ohservatory, at the residence of the Meteorological 
Reporter. This goes hack to Jrme 1860. 

(3.) Monthly totals of rainfall recorded at the Collector’s Office in the yearn from 
Jime 1844 to October 1855, published by the Board of Revenue. 

The rain-gauge used at the ohservatory hitherto, has been one of Symons* con- 
struction. The collecting funnel is 5 inches in diameter, and it has always been placed 
about a foot above the ground. The instrument has been tested and found to read 
correctly to within a very small fraction of the total rainfall.^ - 

The rain-gauge at the Tahsil is one of Fleming’s pattern, with a funnel mouth, 
6 inches in diameter, leading to a vertical cylindrical tube 3 inches wide, in wliich 
moves a float carrying a graduated rod. A gauge of this construction generally reads 
too low, and the defect is increased in this case, hy the instrument being placed on the 
roof of a house, about 20 feet above the ground. 

Diurnal variation . — ^The hourly observations of four days in each month for four 
years are not sufficiently numerous to determine the diurnal inequality of rain frequency 
with any approach to exactness. Out of 192 observations at each hour, rain was 
observed to he falling the following number of times : — 


Hour, 

No of ram 
ohsenations 

Hour. 

No of rain 
ohicrvatsons 

klidniglit 

8 

5 

... 12 

1 

... 11 

6 

... s 


... d 

7 

... 10 

3 

... 11 

8 

... 5 

4 

... 10 

9 

G 


At 60 F. the mc^n diameter of the funnel was found to be almost exactly 5 inches The quantity of distilled water at thss 
temperature, which filled the meisunng glass up to the 1 inch mark, weighed 321-7 grammes. A cylinder of pure svater, 6 ruches 
n diameter and I mth high, ehould weigh 321 42 grammes at this temperature. 
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Hour. 

Xo. of rnin 
observntions. 

Honr. 

10 

8 

17 

11 

7 

IS 

Noon 

11 

10 

23 

7 

20 

Il- 

6 

21 

ls 

4 

22 

16 

6 

23 


Ko. of Tain 
observation?. 

o 

7 
6 

8 

5 
G 

6 


These numljers indicate, more or less distinctly, the existence of a donhlc oscillation 
m the 24 hours, similar to that of the proportion of cloudy sky, but not exactly coincid- 
ing with it. It IS probable, therefore, that further observations .will modify these figures 
very considerably, and render them much more Him those representing the dimnal 
variation of rain freq[uency at Calcutta, which is very similar to that of cloud at Allaha- 
bad. A rain-gauge, attached to Osier’s anemometer, was in use at Lucknow from April 
1868 to March 1877 (with interruptions amounting to several months) ; and its traces, 
when- tabulated, show that, at Lucknow, rain is most freq[uent about the coldest and 
hottest times of the day, and falls least frequently at 10 a.m. and 10-30 t.m. The 

morning maximum appears to be the greater at Lucknow, while at Calcutta rain falls 
oftenest in the afternoon. * 

Anmial variation . — It is now generally known that, in Upper India, especially in 
the Panjab, there are two rainy seasons in each year, the greater extending over the 
tliree and half months of the “south-west monsoon” in summer, and the less occurriog in 
the cold- weather months of January, February, and March. In the eastern half of the 


Korth-'W'estern Provinces, the winter rains are quite insignificant in quantity, hut some 
rain falls in the cold season almost every year. 

During the ten years 1870—79, rain, amounting to at least a hundreth of an inch, 
was measured on 657 days. These were distributed among the months as follows : — 


January 

» * * 

... 21 rainy days 

February 


... 13 ,, „ 

March 


... 13 ,, „ 

April 

« •« 

... 1 0 ,, „ 

May 

• •• 

... 16 „ „ 

June 

• •• 

... 75 ,, „ 

July 


... 167 ,, „ 


August 

... 1S2 

rainy days 

September 

»*• liSf2f 


}t 

October 

«•» 28 


St 

November 


3> 

S3 

December 

... 3 


St 


Total ... 657 

St 

St 


Bain is thus most frequent in August, when the humidity of the air attains its maxi- 
mum, and least frequent in November. There is a secondary maximum in January and 
another minimum in March. The year of most frequent rainfall was 1879, when rain 


was measured on 80 days, whereas, in 1873, 
The mean rainfall of the ten years was 


January 


... 0’76 inches. 

Pebrnary 


... 0-32 

SS 

March 


... 0*36 

St 

Apnl 

* ■* 

... 0*33 

ts 

May 

* « * 

... 0-36 

ss 

June 

* • • 

_ 4*78 

St 

July 

4 » 

’ ... 13*76 

S3 


number of rainy days ivas only 50. 


August 

• • « 

... 11*25 

inches. 

September 



)t 

October 


... 2*37 

St 

November 


... 0*02 

ss 

December 


... 0-21 

St 


Total ... 42-04 
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In the next table, the normal rainfall of each day, calculated from ten-year averat^es 
hy Gralie’s process, described above, is given : — ° 


TABLE XXI. 

Iformal T)a\ly JRahi/all at Allahalad. 
{Calculated from 10-ycar means). 


JJiTB . 

Jan . 

Feb . 

Hareli . 

April 

Waj . 

June. 

Jnlj . 



Oet. 

Not . 

Dre 





w 

tt 

/» 

tt 

ft 

tr 

tt 

, tt 

tr 

tt 

1? 

W 

1 st 


ft * 

4«4 

•01 

•01 

4*4 

4*4 

•02 

•06 

•41 

■98 

•23 

•03 

■01 


2 nd 



44 • 

•01 

•01 

*4t 


;0 l 

•06 

•31 

•79 

•21 

•01 

M 


Srd 

• * * 

« (4 


•01 

•01 

■ 4* 

H| 

•01 

•05 

•28 

•66 

•22 

•01 

M 


-dtli 

* t * 

*•« 

4*4 

‘01 

•02 

444 

^B 

•01 

•05 

•33 

'67 

•29 

•01 

M 

• b . 

6 th 

• « • 


44« 

• 4 * 

•03 

... 


B 

•01 

•39 

•43 

•3? 

■03 

m 


6 th 



• «« 

B 

•05 

•01 

•01 

B 

•03 

40 

•31 

•38 

•09 

H 


7 tb 



4«« 

1 

•06 

■01 

•01 

B 

•02 

•39 

•28 

•29 

•19 

•01 


8 th 

»»» 

«•« 

44* 

B 

•05 

•01 

•01 

■01 

•03 

•36 

•34 

■22 

•30 

•01 

... 

9 th 


»4« 

4*4 

■01 

•03 

B 

•01 

•01 

•07 

•32 

'42 

•21 

•31 

• • * 

•01 

lOth 

• »r 

• • 

44« 

•02 

'01 

B 

«•« 

•02 

•12 

•28 

•45 

•24 

•21 

• »* 

•01 

nth 




•05 

•01 

444 

•01 

•03 

•13 

•24 

•43 

•27 

•10 

... 

•01 

12 th 

«•« 

«M 

• •• 

•08 

•01 

'01 

•01 

•03 

•10 

•22 

•37 

•27 

•03 

44* 

IM 

IStli 

■« 

«*» 

444 

•09 

•01 

•01 

•02 

•02 

•OS 

•25 

'30 

•28 

•01 

4*4 

. 

1.4 

14 th 


«« 

444 

•07 

•01 

•02 

•03 

■01 

•11 

•36 

•27 

•31 

'01 

«■ * 

... 

15 th 


44« 

... 

•04, 

•01 

•Oi 

•03 

' -01 

'16 

•63 

•29 

•32 

•01 



IGth 

• »» 

• •4 

t • « 

•02 

•02 

•06 

•01 

•01 

•17 

•60 

■30 

•25 

•01 

... 

• »* 

17 th 

f f « 

144 

44* 

•01 

•02 

•05 

•01 

•01 

■13 

•49 

‘30 

•20 

•01 

• »4 


18 th 

... 

1 •* 

44* 

•01 

•01 

■04 

... 

-02 

•12 

■32 

•31 

■18 

B 

B 

»*• 

19 th 

... 


44« 

•01 

444 

•02 

•01 

•02 

•16 

•24 

•31 

•19 

B 

fl 

444 

20 th 

... 

«.4 

«44 

•01 

4*4 

•01 

•01 

•02 

■21 

•26 

•34 

•23 

B 

B 

4*4 

2 l 8 t 

... 

• • 

444 

•01 

*44 

... 

•02 

•01 

•24 

•29 

•38 

•29 

•01 

*44 

■01 

£2 nd 

... 

• •• 

... 

•01 

44' 

444 

•03 

•01 

•24 

•30 

■39 

■34 

•05 

«■ t 

•03 

23 rd 


• «« 

1*4 

•03 

«•* 

• 44 

•02 

•01 

■21 

•31 

•34 

•33 

■12 

• It 

■05 

24 th 

... 

*44 

• «4 

■04 

4*4 

• 44 

•01 

•01 

•19 

•33 

•27 

•28 

‘19 

41* 

•03 

25 th 

*•« 

• 44 

4». 

•05 

4*1 

... 

4** 

4*4 

•18 

•37 

■22 

■25 

•20 

■ ** 

•01 

26 th 

« • » 

•• 

4 1* 

•04 

• •4 

■ #4 

... 

B 

•20 

•40 

•22 

*27 

•14 



2 rth 

... 


« 4 

•03 

444 

4.4 

•01 

B 

•26 

•47 

■25 

•26 

•03 


• 44 

28 th 

... 

• •• 

4 44 

•02 

444 

444 

•01 

**• 

•36 

•67 

•25 

•21 

■06 


\ “ 

29 th 

... 

... 

• •f 

•01 

444 

44* 

•02 

•01 

•49 

•96 

•24 

•15 

•07 

««a 

, -01 

1 

30 th 

... 



•01 

*• r 

444 

'02 

•02 

•47 

1-20 

•24 

•08 

■07 

• ♦* 

m 

SlEt 

... 

... 

44 * 

■01 

4*4 

•01 

4*» 

•04 

44 * 

1-18 

•25 

*** 

•04 

... 

11 “ 



Total 

... 

B 

m 

j 0-30 

■ 

038 

4 73 

13-46 


7-61 

B 

•c 
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The heariest rain falls on the 30tli and 31st of July. There arc scrcral maxima for 
the winter rams, the chief of whicli occur on the 13th of January and the 2nd of rchruavy. 
Other distinct maxima of min occni- in the hot season, on the 16th March, the 14th 
April, and the 1st June; each heing folIoTred by a decided lowering of the tempciaturc» 
as described ahoTe. In the rainy season also, as has ah-cady been pointed out, every 
increase in the normal rainfall, like that which occurs at the end of July, is followed 
by a decrease of the normal temperature, and a rise of temperature accomjianies every 
“ break or diminution of the normal rainfall. 

The heaviest fall of rain, recorded in one day, dining the ten years, was 15'4S inches, 
from 10 A.M. on the 29th to 10 a.3i. on the 30th July 1875. Other falls exceeding 
4 inches were the following : — 

7'85 inches on the 16th Jub" 1871, 


7*25 


33 

4th August 1872, 

6-26 


33 

31st July 1873. 

5-81 

j> 

33 

11th September 1879. 

5-26 

S3 

55 

9th October 1870. 

4-75 

33 

33 

28tb July 1872. 

4-61 

33 

33 

9fch August 1872. 


There is an obvious tendency for heavy downpours to occur about the end of July 
and beginning of August, the enormous rainfall of the 29fch and 30th July lS7o 
being no exceptional phenomenon, hut merely an exaggerated instance of a frequently 
recuriing one. In bis Beport on the Meteorology of India for 1875, Mr. Blanford lias 
pointed out that the heavy rainfall of the country round AUahahad at the end of July 
that year was accompanied by a storm of a cyclonic character which had proceeded 
inland from the coast of Orissa, The daily telegraphic weather reports, that liavc been 
published in more recent years, show that such minor cyclones or eddies are by no means 
infrequent in the height of the rainy season, and that they generally move along the 
line separating the westerly winds of Southern India from the easterly winds of the 
northern plain, ~a line which here nearly coincides with the Ganges river. The baro- 
metric depression noticed at the beginning of August, and the frequency of south- 
west winds at AUahahad and Benares about that time, are such as would accompany 
these storms. 

The rainy season may he supposed to commence, in a normal year, either on the 
15th of June, when the normal daily rainfall first exceeds *16 inch, or on the 20th, ' 
when the rainfall exceeds *20 inch. The end of the season, in ordinary years, is about 
the 30th September, when the normal i-ainfaU falls below *10 inch ; but there are 
sometimes heavy showers in October, which render the noimal value of the minfaU for 
that month, founded on a ten years’ averages, very uncertain. 

Amrage TCimfall.—L period of ten years being too shori to determine the average 
iuinfall of a place very exactly, the registers (2) and (3), mentioned above, have been 
used to extend that of the observatory. Together, the three registers cover a pciiod 
varying from 30 to 32 years in the difierent months. The register for the cloven and a 
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Iialf years, from 3fay 1844 to October 1855, giyes an annual average of 41*09 inches. 
This differs less than an inch from the average of the last ten yeai’s at the ohseiTatory, 
Por the decade 1860—69, excepting some months of 1868 and 1869, the tahsil record is 
the only one available ; and since the gauge was 20 feet above the ground, and probably 
would have indicated too little rain even on the ground, the figures require to bo 
corrected before they can he compared with others. 

The average rainfall of the last ten years, at the tahsil, was S'F'Gl inches, against 
42*04 inches at the observatory. The tahsil gauge therefore registers, on the average, 
only 89 per cent, of the total rainfall, and the proportion is less in the dry than in tho 
rainy months, as the following table shows : — 


Month, 





Percentage. 

January 


• • * 


* 4 4 

... 

Februaiy ... 

# « * 

> * • 

• 4 * 

* * % 

... 78 

March 

• « * 



• i • 

... 07 

April ... 


*«• 


• 4 4 

.^1 > 

4 4 « M 

May 

• * • 


• • • 

* • • 

... 80 

June 


«« « 


• * ■ 

... 100 

July 

• # ■ 

**• 

• # 

• 4 • 

... 91 

August 

• «« 

• * « 


* • * 

... 89 

September ... 

• t* 

• » * 


• • k 

... 84 

October 


• • • 

* • « 

• • • 

... 98 

November ... 


« «« 

4 4 » 

• • 4 

... 0 

December ... 

• • « 



• • * 

... 90 


The ratio between the rainfall of the 


rainiest months — June to October — at the ob- 


servatory, and that recorded at the tahsil, is 1*10 ; and the ratio for the dry months, taken 
all together, is 1*33. Por the years 1860 to 1867, and for Jannaiy, Pehmary, and Sep- 
tember 1868, and June, July, and October 1869, the monthly totals of the tahsil gauge 
have been taken and increased by 1-lOth in the rainy season and l-3rd in the diy season, 
to get the most probable amounts of rainfall. Taking these figm’es, and the ohseivatoxy 
totals for the other months of 1868 and 1869, the average rainfall of Allahabad for the 
yearn 1860 — 69 comes out 40*54 inches. The avei’ages for the three periods 1844 — 55, 
1860 — 69, and 1870 — 79, thus differ little more thau an inch, and the average of all 
three series, 41*18 inches, may he accepted as the most probable value of the mean 
annual rainfall of Allahabad. This accords very well with the average rainfalls of places 
near the Ganges and Jumna, east and west of Allahabad, as given in my report on the 
rainfall of the North-Westem Provinces and Oudh, published in 1879. Por example, 
the average rainfall of Iffii’zapnr for the fifteen years, 1864 — 78, wns 42*76 inches, that 
of Handia, 41*19 inches, that of Karchana, 40*33 inches, and that of IMau, on the Jumna, 
west of Allahabad, 40*33 inches. 


The monthly and annual totals for the individual years arc given in Table XXII. 
The break bstween 1856 and 1860 was caused by the mutiny. The rainfall of 1855-66 
should have appeared in the Revenue report for that year, hut, owing to the mutiny and 
the disturbed tate of the country that followed it, no report was published, and the 
rainfall register appears to have been lost. It was not until 1860, that regular obser- 
vations of rainfall were re- commenced. 
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TABLE XXII. 

MontJilr/ and Annual JiainfaU al Allahabad. 






. 








— ^ 

*r 

u 


- 

T»ib. 


If 

rt 

a 

tt 

W 

es 

a 

A 

S, 

*3 

If 

c 

C. 

rt 

r) 

o 

a 

ft 

>-a 

'a 

■1 

Se 

< 

B 

v» 

c, 

<• 

Kft 

c 

A 

0 

1 

tji 

k- 

o 

V: 

B 

V 

o 

a 

c 

rj 

AulIiorUj. 

' 


ir 

It 

w 

It 

ft 

II 

u 

ft 

If 

tl 

n 

n 

v 


1844 

t«i 

? 

? 

? 

? 

•10 

... 

L4-25 

lG-57 

6-07 



•30 

? 

N. W. P. Pain fall 



•37 

2-70 

'72 











Statements npto April 

1845 

**■ 

1-43 

•77 

4-99 

7-83 

15 81 

2*92 

*•« 

••• 


33-18 

1850. 

1846 


... 

•42 

•25 

• •■ 

B 

6-82 

8‘6G 

6-27 

10-77 

«•* 

«*• 

*«• 

33-19 

Ditto. 

1847 

• •• 

1-29 

*fl4 


• •• 

B 

3-35 

15-30 

14-13 

8-05 

6-65 

1-50 

••• 

50-27 

Ditto. 

184S 

• •• 

■ 4* 

• •1 


• *• 

•45 

3-GO 

11-16 

5-05 

TCO 

1-90 

•30 


24-03 

Ditto. 

1849 

■ t * 

2'53 


•4 

• I* 


406 

TOO 

16-02 

3-00 

3-82 


••• 

29-43 

Ditto. 

1850 

«•* 

2-20 

2-14 

... 


B 

4-94 

11-12 

12-75 

8-GO 

3-75 

!•« 


45-50 

llcvcnno Reports. 

1851 

... 

4-20 

1‘03 

•70 


B 

3'05 

18-40 

13-90 

9-70 

3-42 

• *• 

•*• 

55 32 

Ditto. 

1853 

... 

•30 

... 

3-47 

»•! 

•11 

9'6S 

18-69 

6-79 

3-60 

•77 

• *« 

•54 

43-93 

Ditto. 

1853 

« ■ t 

2-36 

•53 

• II 

•35 

«■* 

217 

14-50 

5-55 

•75 

1-93 

• •* 

• • » 

2S-21 

Ditto. 

1854 

4 •« 

*■* 

20 

• • . 

*<• 

■12 


7-&4 

17-14 

G-80 

4-65 

5-26 


60 98 

Ditto. 

1855 

••• 

•29 

■23 

3T5 


#4* 


19-32 

1-48 

14-76 

<*•« 

««• 

«»• 

? 

Ditto. 

1856 














? 



1857 

• «« 













? 


1858 














? 


1859 














? 


18G0 

«•« 

? 

? 

? 

? 

? 

•83 

12-21 

7-81 

12-98 

3-30 

• •• 

*!• 

? 

Talisil Records (cor* 
reeted). 

1861 


•13 

«•* 

«•« 



6'73 

10-34 

4-51 

16-83 

4-18 



41-71 

Ditto. 

1862 

«»« 

•13 

««• 

1*73 

n 

200 

•44 

2200 

25-63 

4-40 

1-33 

... 


57‘63 

Ditto. 

1863 

... 


4*1 

4«* 


•13 

6-93 


11-99 

4-84 

5-17 

... 

• *• 

3918 

Ditto. 

1864 

*«■ 


•67 


H| 

4«* 

•23 

2-86 

9-90 

3-74 

*•« 


*•» 

17-39 

Ditto. 

1865 


2'13 

1-20 

2-00 

■H 

3-33 

1-65 

25-85 

6-38 

2-20 

««• 

• •* 

•80 

43-54 

Ditto. 

1866 


•13 

•13 


■27 

• t« 

1-65 


1012 

6-71 

• •• 

.*• 


29-35 

Ditto. 

1867 


1-60 

1'87 

«ai 

4. 4 

2-00 

3-96 

1507 

9-13 

20-57 

2-43 

• •• 

... 

66-63 

Ditto. 

1868 

« • 

•80 

•27 

•18 

•17 

•03 

4-18 

6-lS 

•79 

14-96 

.*• 

rt« 

«*« 

27-50 

Observatory Registers. 

1869 

• t. 



•40 

• «t 

l«4 

2-20 

10-45 

715 

18-30 

12-43 

• *• 

•45 

51-38 

Ditto. 

1870 

*•« 



•93 

•79 

• •• 

4-47 

16-50 

16-86 

10-69 

10-28 



60-33 

Ditto. 

1871 

• t« 

•11 

■33 

• •• 

TIO 

•74 

15-48 

24-79 

7-30 

1T81 

«•* 

• «• 

T51 

63-23 

Ditto. 

' 1873 


2-10 

•23 


*»• 

•33 

2-97 

1T54 

23-93 

5-36 




48-44 

Ditto. 

1873 

• t* 

■14 

•54 

*53 

• •• 

#•* 

•03 

16-48 

7-22 

7-90 

• •• 

M* 


32-83 

Ditto. 

1874 

*»« 

«i« 


•56 

III 

»«• 

6-67 

15-58 

8-93 

8-50 

•22 


... 

40-46 

Ditto. 

1876 

• •t 

•49 

•43 


••• 

ro7 

3-49 

26-33 

12-63 

7-74 

•10 


• *« 

52-23 

Ditto. 

1876 

4*. 


4*4 


*44 

•«• 

1-29 

10-05 

10-75 

4-50 

6-23 

• •• 

... 

32-82 

Ditto. 

1877 


2-01 

1-56 

1-36 

•44 

•08 

3-59 

2-23 

5-67 

•39 

3-33 

• •• 

•60 

2T31 

Ditto. 

1878 


2-72 

•03 

•25 

•99 

1-39 

•57 

807 

7-59 

4-36 


•24 


26-21 

Ditto. 

1879 


14. 

•07 

•02 

**f 

B 

9-26 

601 

9-5S 

13-93 

3-46 

B 

B 

1 

Ditto. 

Mean 


•87 


•54 

•23 



12-84 


\M 

2-43 

B 


m 


Tears 

t** 

(30) 


■ 

(30) 


lli 

(32] 

IQ 

IB 

(32) 

B 

B 
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In tlie averages at the foot of the tahle^ the figures for iS^ovemher are prohahly too 
high. In twenty-seven years out of thii-ty-one, tliat month was rainless, and if tfio ex- 
ceptionally heavy fall of November. 1854 be left out, the mean for the month is reduced 
to ‘07 inch. The heavy rain of November 1854 was common to all the south-eastern dis- 
tricts of the North-Western Provinces, and was imobably due to the advance inland of one 
of tlie cyclonic disturbances that frequently occur in the Pay of Bengal about the 
beginning of that month. 

Variations of long period . — The annual totals in the previous table indicate 
though obscurely, that there may be an inequality of rainfall with a period of ten or 
eleven years, similar to the variation in the sun-spot cycle detected by llr. Meldriun 
and other observers. It is to be regretted that the break in the registers between 1855 
and 1860 prevents any very satisfactory testing of the truth of this indication. 

In a previous paper,^ it has been pointed out that the winter and summer rains of 
Northern India vary inversely ; and before inquiring whether the supposed variation is 
observable in the rainfall of Allahabad or not, it is necessary to tabulate the winter and 
summer rains separately. This has been done in the next table. The “winter rain” 
of each year in this table, means the rainfall from the previous November to April 
inclusive, and the “ summer rain” that of the months from May to October : — 


TABLE XXIII. 

Whiter and Summer Bamfall TolaU, 


TniB. 

Winter. 

futnnicr. 

Year. 

Winter. 

Sanuncr. 

Tear. 

Winter. 

SnmMor 



ri 


rf 

tf 



u 

184-1 

P 

36 01 

1856 

? 

? 

1868 

1-42 

26 08 

1845 

6 51 

32-33 

1857 

p 

? 

- 1869 

•40 

50 63 

1816 

133 

32 62 

1858 

? 

? 

1870 

2-17 

6S80 

1847 

1-29 

47-48 

1859 

? 

? 

1871 

1-54 

6018 

1643 

1-50 

23 75 

1860 

? 

36 63 

1872 

383 

4G 12 

1849 

2 83 

26 90 

1861 

-IS 

41-68 

1873 

1-20 

31 63 

1850 

4 34 

41-16 

1862 

186 

66 69 

1874 

•66 

39-90 

1851 

5 95 

49 37 

1863 


39 18 

1876 

*93 

61-36 

1853 

3 77 

39 64 

1881 

•67 

16 72 

1876 

««« 

3283 

1853 

S83 

24 92 

1865 

6-33 

39-41 

1877 

5 37 

1504 

1851 

1-20 

69 78 

1866 

1-33 

28 82 

1878 

4-59 

21-93 

1S55 

10 35 

38 82 

1867 

3-47 

63-16 

1879 

•S3 

42 26 


* Variation of rainfiQl in Kortbern India, ante pages 181 and 209. 
’ May rrantiug. 


hen these figures are arranged in 11-year series, the fii'st terms of which cori’e- 
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spond to the years 1838, 1849, 

1860, and 1871, and then 

averaged, 

the moans being 

smoothed by Eloxam’s method, 

we get the following results : 



Year, 

Winter rain. 

Summer wiB. 

(SuD-Bpot masimnm) 

13th 

1-67 

43*25 


1st 

0-0 1 
fc' r 

41-70 


2n(l 

2*68 

43-18 


3rd 

2*55 

43 --13 


4th 

1-92 

88*93 


5th 

1-81 

36-39 


6th 

2-90 

37-14 

(Sun-spot minimum) 

... ... i th 

4-52 

3-t*79 


8th 

3-93 

33*73 


9th 

1-85 

88-02 


10 th 

M3 

43-25 

(Sun-spot maximum) 

11th 

1-07 

43-25 

These figures are by no 

means regular ; hut the summer rain, on the ivholc, 

appears to vary directly with the sim-spots, and the winter 

rain inversely. 

The ivinter rainfall appears 

; to have been much less since than 

before 1800. The 


mean foi’ the, eleven years, 1845 — 55, was 3*81 inches, or, if the unusually hea'iy rain of 
Novemher 1854 he neglected, 3*33 inches. That of the nine years, from 1861 to 1869, 
was only 1’62 inch, and that of the last ten jams 2*00 inches. The summer averages for 
these periods show a small hut progressive increase. It is therefore possible that the 
seasons in North India are undej’going a very slow secular or periotlic change. 


Wind. 

The least satisfactory of the ohservations hitherto tahen at Allahabad arc those 
relating to wind. ^ This is much to he regretted ; because, next to those of barometric 
-pressure, no ohservations afford, a greater insight into the relations hotween. various 
meteorological phenomena than those of wind, when properly made. 

At Allahabad, the dhection of the wind has been taken at the hours of observation, 
from a vane mounted on a post, about 15 feet high. This post, is placed in the most 
open part of the “ compound,” hut trees much higher than it rise at a distance of about 
forty yards on the west. On the other sides it is better exposed. On the whole, the 
mean directions computed from the Allahabad observations by Lamberts formula agice, 
however, fairly well with those of Eenares, where the exposure of the ivind vane is all 

that can be desired, 

For some years, a small anemometer, constructed on Eobinson’s principle, has been 
lised to determine the velocity of the wind. At the present site of the obseiwatory 
there is no place where it could he mounted, and it has therefore been put up on the 
roof of the building now occupied by tbe Muir College, at a height of 30 feet above the 
ground. The exposme of this instrument is also not so good as one could wish, and the 
velocities given by it are probably too lo^v. Owing to the distance of the anemometer 
frok the other instruments (nearly a mile) it has only been read once or twice a day. 

mtrnal variation.— In no part of the world is the dim-nal vanation of the velocity 
of the wind more distinctly marked than in North India, especially during the hot season. 
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Strong liot winds, sweeping clouds of dust before them, blow down the valley of live 
Ganges in the day time, but they gradually die away about sunset, and the nights aie 
almost always calm. Eor the reason above stated, no hourly obseiwations of ndnd velocitv 
have been taken at Allahabad, and therefore this variation of the strength of the wind 
cannot be illustrated by tables. 

The direction of the wind was noted at each hour of the sixteen days, in eaoh 
month on which hourly observations of the other meteorological elements were taken. 
Observations at 4i A.M., and 10 p.m., as w^ell as at the same hom-s in the day time, wca'e 
also taken nearly every day, in the four years, 1876 — 79. These served to correct, in some 
degree, the results derived from the hourly observations of a few days. Since sixteen 
observations at each hour are too few to yield a reliable mean for so variable an element 
as wind, the months have been combined into groups of four each, corresponding as 
nearly as possible to the three Indian seasons — the cold, the hot, and the rainy. The 
mean liorndy rectangular components of the wind direction have then been computed 
by Lambert’s formula and corrected, as described above, by the insertion of the results of 
four years’ daily observations at the hours 4i, 10, 16, and 22, the figures for all tlic 
other hoiu’s being slightly changed in proportion. Linally, from these corrected 
rectangular components the resultant direction and percentage have been computed 
in the usual way: — 

TABLE XXHL 

Hourly Comyionenis and JResulianis of ihe Wind at Allahahxd. 

(In percentages of number of Ohsenaiories ) 



^ovl:lI^BRIo fniinPAKT 

JJaeCH 10 JpNE 

JptT ro Octobeh 

IV nets 

xriB 


UODC 

Coinjioncnts j 

rc'ultnnts 

Comronents 

liesuUants, 

Components 

Ecsultmts 

Components 

Pc ottants 

Xorth 

East 

for 

cent 



East. 

Per , 
ctnt 

Direction 

Xorlh 

East 

Per 

cent 

Direction 

Xortti 

East 

Per 

cent 

Direc- 

tion 

Sliclnight 

11 09 



N 31“ W 

lo 19 

—13 79 

17 32 

X 63’ \V 

4 67 

— 1 03 

4 G3 

X 

13* M 

9 02 

— 7g9 

11 

^ 40” 1\ 

J 

10 06 



N 11“ IV 

11 41 

—11 Cl 

13 55 

X 62’ IV 

6 71 

— 3 23 

0 5C 

X 

29’ H 

0 07 

P 22 

1203 

X 45’ VV 

■*> 

9 74 

—11 74 

15 25 

N 60’ W 

13 03 

—12 6J 

19 02 

X W’ IV 

7 61 

— 2 81 

812 

X 

20’ IV 

10 41 

— 010 

13 £9 

X 41’ W 

3 
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TAKEN AT ALLAHAB^VE, 


Sj'i 

Tlia resultant percentages for tbe night lionrs are small at all seasons, on-ing 
to the large proportion of calms. The steadiness and velocity' of the uind, in every 
season, are greatest about the hottest hour of the day. In this respect, the u’inds of 
Allahahad conform to the general rule for stations near sca-lcvcl, in every* part 
of the ■world, as given hy Dr. Hann in liis paper on the dailj^ period in the velocity 
and direction of the wind, read before the Yienna Academy in January 1870. 

The mean direction of the wind is subject to distinct diurnal and semi-diurnal 
variations. These are somewhat irregular in the cold 'ivcathcr, hut similar in general 
character in the hot and rainy seasons, and the semi-diurnal variation is best marked 
in the rains. The resultant wind directions arc most northerly in the afternoons and 
most southerly in the mornings, between 9 and 10 A.:si. in the cold weather, and at 
6 or 7 A.M. in the hot weather and rainy season. The variation of the north com- 
ponent is very similar to that of the harometiic pressure inverted, especially in the dry 
season. This may be observed on comparing fig. 5, Plate XXIX, with the curves above it. 
At all seasons, the resultant wind is most easterly (or least westerly) at 8 or 9 r.3i., and 
most westerly between 9 and 11 a.m'. The east and west component has apparently no 
direct relation to the barometric pressure, hut attains its greatest westerly value at 
the hottest time of the day, "when the barometer is falling rapidly. The dimmul rotation 
of the wind is direct, or with the sun in this part of India, at all seasons, and not 
retrograde in the rainy season, as was inferred from the observations taken at Bcnaies 
at 10 A.M. and d p.m.‘ 

In the diagrams on Plate XXX, the double diurnal rotation of the "wind about its 
mean direction is graphically represented. The range of variation from east to west is 
greatest in the rainy season, hnt tlie curves for tlio hot and rainy seasons are similar. 
The curves approximate to ovals, "with one axis parallel to the mean direction of the 
wind; hut the. lines joining the points for certain of the night houi-s form a re-entrant 
loop, indicating that between 10 or 11 p.m. and 3 or d a.m. the variation of the 
wdnd is similar to that which obtains during the day, though its strength and persist- 
ency are much less. The loop representing the nocturnal rotation is greatest in the 
rainy season and least in the dry. It has thus probably some relation to the quantity 
of vapour in the air and the form of the barometric tidal wave, as has been pointed out 
by Mr. P. Chambers.® With Mr. .Chambers’s paper on the winds of Bermuda diagrams 
are given, shoiving that the nocturnal variation of the wind at that station is nearly 
equal to the variation during the clay, just as the nocturaal barometric tide is ncariy 
equal to the diurnal one. At Allahabad, especially in the hot season, the range of the 
hai'ometer at night is very small compared to its range diuing the day, and the noctur- 
nal variation of the wind is also inconsiderable. But in the rainy season, when the 
climate in the interior of India has more of a maritime character, both the nocturnal 
ran^^e of the barometer and the amplitude of the variation of the ^vind dm-mg the 

night increase. , - ,, , n 

At continental as weU as at marine stations, it appears, therefore, that one would 

he justified in inferi’ing that t here is a very intimate connection between the diurnal 

' ~ I SeeBaiofaUof Bciwrcs in relatioa to tlic prevliHing n-inds, page 14S ante. 

= Sec Philosoptical Transactions for 1873, page 1, and Proc. R. S^ for 1S<G, page ^02 
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ramtion of the Ti-uKi and the barometric tides; but it does not follow that Mr. 
Cliambers’s opinion as to wliicli of the two phenomena is the cause and which the 
effect must be accepted. It is to be hoped that the traces of the anemographs that 
have recently been erected at several stations in the interior of India will serve to throw 
some further light on this interesting question. All that safely ho iuferred from the 
observations taken at Allahabad is, that in the interior of continents the wind is subject 
to a diurnal variation almost as well marked as that of the laird and sea breezes on the 
coast. 

Annual Dartaiion . — Ohsenmtions of the wind direction at 10 A.at. and 4 t.m. 
were taken throughout the ten years, 1870 — 79, with the exception of a few days noted 
at the foot of Table XXV. This table contains the mean components and resultants for 
each month, computed from the two daily observations, along with the total number 
of observations in each month, tabulated under eight points, and the daily velocity 
given by from five to six years" readings of an anemometer. The mean direction, calcu- 
lated from the 10 a.m. and 4i p.si. components in the preceding table, differs only 2'' 
from that calculated from all the observations : — 


TABLE XXV. 


Summarj/ of the Wind Observations of the ten years, 1S70 — 79. 
{Observations at 10 A.M. and 4 P.jLT.) 



Nujiheb op OMEEraiiovs. 

Mbiw CoMfO'sr’ns 
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' Tbe otspirations of four days in ISTS arc wantinp. , 

* The obserratioDj of one daj in 1873 and one in 1870 are iTantine. 
’lie otsenationa of ten days in 187tiu-e irantinp. 
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"West winds are mucli more frequently observed than those from any other quarter, 
and next in order of frequency come east uinds ; those from north and south being 
.seldom 'observed. In these respects, the winds of Allahabad resemble those of Benares. 
The mean dhection for the whole year at Allahabad is, however, Id degi-ces more 
northerly than at Benares. Part of tliis ditfercnce is perhaps due to the circumstance, 
mentioned above, that the wind vane is nearer to large trees on the west than on any 
other side; but, from the normal distribution of pressnre over the eastern half of the 
North-West Provinces in the rainy season, there is reason to helieve that the winds of 
Allahabad, at that time of the year, arc really more northerly than those of Benares. 
The variations of the east and west components at the two stations agree' very closely. 
There are two westerly maxima in March and November, and two easterly in J uly 
and September ; while, at the middle of the rainy season, in August, u'csterly winds pre- 
vail. The meridional components for the two stations are not so much alike ; but both 
have a noidlierly maximum in the cold weather and another in May, and both attain 
their least northerly or greatest southerly value in July and August. There is also, at 
both stations, a remarkable hacking of the wind towards the south about the beginning 


of March, 

The resultant direction of the wind, at Allahabad, for thetlwce rainiest months, July, 
August, and September, deduced from tea years’ obscrv'ations, at 10 A.ir, and 4* p.m., 
is from N. T E., with a frequency of only S per cent. This indicates that, in the rainy 
months, easterly and westerly winds nearly balance each other. . Per the nine dry months, 
the resultant direction, on the mean of ten years, is from N. 62° W., with a percentage of 
steadiness equal to 29-5. These directions are represented by the lines joining the points 
A and B with the point surrounded by a circle in fig. 5, Plate XXX. The variatiou of 
the wind, between the dry and rainy season at Allahabad, takes place along the line join 
ing the points A and B, the hearing of which is N. 77° W. to S. 77° E., or veiy near y 
DDst-north-west to east-south-east. This is the direction of a line passing through or 
near AUahahad, Chittagong, and Mooltan, and is parallel to the general axis of the 
Himalayan mountain chain and of the great plain of Northern India. 

. The direction of variation of the « monsoons” at Benares, when worked out in the 

same way from the data given in Part I, page 151, is N. 75° W. to - S. 7o° E. 

The most important difference, in the annual variations of the wmds of Benares and 
Allahabad, is the small negative value of the east component at Allahabad in January. 
Tliis perhaps indicates that the easterly current which brings the wmter rams ows 

more frequently at AUahahad than at Benares. 

The velocity of the wind is least at the end of November, and gi’oatest about tbe 

commencement of the rams in June. 

EelalioMofwmd lo quantity o£ rain collected in cadi « 

tlie'ten years, and the numlier of days on wMi it fdl.lia™ been tabulated undei the 
jLilivinddireetions. The res Jts embodied in Table SXXL confirm, a sen ral 

lay, the conclusions already arrived at from a discussion of the ^ 

in/ the relations betireen irind and rainfall, on the southern border of the Gangetie 

£? » 

plain. 
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TABLE XXVI. 


Hahfall of the ien years, 1870'-79, at Allahabad, tahilated wider eight points of the corny an. 
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The numhers at the foot of the table have been computed by means of the hrst tw 
periodic terms of the formula of sines. Tiiey serve to determine approximately the 
directions of greatest and least rainfall and rain frec[uency, vlff , : — 



Maxima. 

Minima. 

1 
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Frequency. . . « 
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Kainfall . . . - 

(s. S0”W. 

In. 14.' w. 


These directions closely agree vith the Trettest and driest "wind directions at Benares. 
Erom the numbers at the foot of Tables XXV and XXVI, we can calculate the pro- 
bability that rain will fall at some time during a day, when the wind between 10 a.m. 
and 4 p.m. blows from any given point. Expressed in the form of percentages, these 
probabilities are — 

N. N.E. E. S,E. S. S.W. W. N.W. Cnlm, 

12-7 33'2 29-3 3G*8 10*7 9*7 8*6 19-9 

Bam is thus least probable when the wind blows from the prevailing north-west by 
west direction, and most likely to fall when the wind comes from the opposite quarter, that 
is, almost directly from the Bay of Bengal. ‘Wlien the wind is south-westerly, rain is much 
more probable than when it is either southerly or westerly. Balls of rain which accom- 
pany west or sonth-west winds are also distinctly heavier than those ivhich como from 
the cast, and much heavier than those which occur ■when- north or south winds are hlow- 
ing. These heavy falls occur cMeJdy in the middle of the rainy season, when there is 
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a slight hut quasi-permanent harometric depression in South-eastern Oudh, towards 
which westerly uinds from the Arabian sea are dinwn in. This harometric depression is 
probably best marked in August, for there is a distinct excess of westerly winds in that 
month both at AUahahad and Benares. 

The foregoing pages contain aE the results of the Allahabad observations, that arc 
considered worth publication at present. One of the objects, the Indian Metcoro- 
logiGul Memoirs were intended to serve, was the description of local climates. The data 
contained in this paper are, I believe, the fuUcst that have ever been published for a 
station in the interior of India, and I hope, therefore, they wiU be found useful to clima- 
tologists. Some of them, especially those relating to tempei*atiu‘e, harometric pressure 
and wind, may also he thought -worthy of the attention of persons engaged in tlic investi- 
gation of meteorological problems from the point of view of Physics. 




Indi.m JJlnt, I-Temoira, IVo. 10. 


























of o£ this volume, I gave the Dumcrical horaryvalues of the diurnal variation 

i JrnTri'"? "T”" V contains the 

resets of the hour y readmgs of the barometer at three other stations, differing ginatly 

m the geographi^l characteristies of their situations, both from one another, and also 

•om the tyo stations dealt mth in the previous cUscussion. As -svill he seen, they exhibit 

correspondmg differences in the character of their (hurnal barometric oscillations. Thev 

are all extrytropioal ; one being situated in the valley of Assam ; another on the Gangctic 

plain, in the comparatively dry climate of Behar; and the third at an elevation of 

11,500 feet in the deep Tibetan Yallcy of the Upper Indus. 


GoALPAnA.-~This station is situated in N. latitude 26“ IV, on the south i)auk of 
the Brahmaputra, about 30 miles above the point where the river debouches from tlie 
^ valley of Assam on the plains of Northern Bengal. The northern spurs of the Garo 
hills, which enclose the vaUey on the south, are distant about 16 miles from the station ; 
and those of the Bliutan Himalaya, which flank it on the north, approach to a distance 
of 40 miles. The average elevation of the former hills is about 2,000 feet, and tliey 
form the western extremity of the plateau, about 60 miles in width, which divides the 
valley of Assam from the jhils of Silhet and the alluvial plain of the Soorma river. 
The observatory is situated on the summit of a little hiU, 249 feet above the highest 
water-level of the river, and 386 feet above mean sea-level. 

The climate of Goalpara is essentially mild and somewhat damp, like that of Assam 
generally, hut less so than Upper Assam. The mean temperature of the year is 7o“, 
that of the warmest month, August, 81*8“, and that of the coolest, January, G3“, as 
shown by the observations of ten years. Owing to the comparative copiousness of tlic 
spring rains, the temperature, instead of rising rapidly during the earlier months, 
culminating in May and falling in June, as in the drier climate of the North-M’estern 
Provinces, and even in Lower Bengal, undergoes a gradual increase during the ascent 
of the sun in northern declination, and does not attain its average maximum until the 
month of August ; when the rains have so far slackened, that the mean rainfall of 
the month is about half that of the month of J une. The hot season, as understood 
in Hindustan, is therefore unknown. In March, which is the driest month, the mean 
daily range of temperature is 23*7^, which is not much less than at many stations in 
Upper India; but the absolute annual range, on the mean of two years, docs not exceed 
50*7“, and in no single year of the decade is it liigher than 56*7“ ; figures which may 
he compared with those of Patna presently to he noticed. 

The mean humidity of the air of the obseiwatory, wliich, as has been mentioned 
above, is situated on *a hill, is 74 per cent, of satiuation ; that of the diiest month 

G 
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Karcli, being 66 j^er cent., and that o£ the wettest month, June, 86 per cent, The mean 
vapour tension, derived from the observations of five years, is 0-669*, increasing from 
0-399" in January to 0-923" in July *, and the average proportion of cloudy shy, derived 
from ten years’ estimates, is d'Cl on the mean of the year, 2-62 in I’ehruary, and 
7-59 in June; an overclouded sky being reckoned as 10. 

The hourly observations, here discussed, were commenced on the 7th July 1873, and 
extend over five years. They have been recorded on the 7th, 14th, 21st, and 28th of 
each month ; and each monthly average is derived therefore from twenty series, each 
series beginning and ending with a midnight observation. The instrument used tlirougli- 
out is a small standard, on Portin’s principle, by CaseUa, with a tube 0*4 inch diameter ; 
and has been compared with the Calcutta standard, to the value of which all the 
readings are reduced. 

The computation of the probable values of the hourly variations has been earned out 
in the manner described in Part I of tliis paj)er, in the case of the Calcutta and Hazari- 
hagh observations; excepting that the values of the several terms of the harmonic 
formula liave been obtained directly from the observations, and have not been corrected 
as an annual series. Neither have I corrected the original values to the means of the 
more numerous observations, which, previous to the commencement of the hourly 
readings, had been recorded four times daily, at 4 and 10 A.w. and p.m. These latter 
oiaservations, which extend from June 1869 to 3May 1873, were recorded with a mountain 
barometer, having a tube of about 0-25 inch diameter ; and the following table shows 
the mean variation of the four hours of observation deduced from the four years’ readings, 
together with those of the corresponding hoiu’s obtained from the twenty series of hourly 
readings. In both tables the mean of the fom- readings is taken as the point of 
departure. 


Moifins. 

Fsosi EIX-lIomtt>T UBiDlSGS, 

FeOU EOVBl-V E£i.I>lXGa. 



10 hours. 

22 Iioura. 

4 hours. 

10 hours 

16 hours. 

22 hours. 

January 

• « t 

ft 


—•001 

+•058 

—•071 

+•015 

— -026 

+ •076 

—•003 

+■014 

February 

««• 

• ■ * 


—•003 

+-0G0 

—•069 

+•012 

—•023 

+ 073 

—069 

+■018 

Marct ... 

... 

**• 

... 

—•005 

+•058 

— -009 

+'016 

—•019 

+‘079 

—■072 


April 


« 1 ■ 

ftp* 

—•Oil 

+-0G2 

—069 

+•019 


+•079 

—063 

+•006 

May 



ftp • 

—•007 

+ •002 

—•065 

+•010 

— -010 

+•071 

—•002 

+•007 

June 

• • • 

... 

• t« 

— -oos 

+•050 

—057 

+•014 


+•047 

—•059 

+•024 

July 

■ 4* 

■ *« 

«« P 

— OOC 

+ •017 

— *054 

+■014 

—•009 

+ •043 

—•059 

+•027 

August ... 

• • 1 

t 1 4 

ft P P 

—009 

4-051 

— ’055 

+•014 


+ •052 

—•004 

+•020 

September 



««ft 

—-000 

+*058 

—■064 

+■013 

—009 

+■060 

—071 

+■022 

October ... 


«« ft 

ftftft 

—•007 

+'05G 

—064 



+■067 

—•062 

+•013 

November 


ft** 

PPf 

0 

+'052 

—•065 

+•014 

—•021 

+■072 

—•061 

+'C14 

Bccember 


ftftft 

• ft* 

0 

+ 053 

— 063 


—017 

+•077 

—•070 

+'011 


Exceptmg in the months of J tine and J uly, the !range shown in the first of these 
tables is so much less than that shown in the second, that I have not thought it 
advisable to adopt the former values in preference to the latter ; as was done in the 
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case of the Hazaribagh tables. Doubtless, the dilYerenccs observable, arc partly to be attri- 
buted to the inferior character of the instrument used durin" the first four veal’s. But I 
expect also, that in these years, there has been a considerable van! of punctuality 
oivtlie part of the observers, more especially in the case of the night readings. The 
hourly readings, being recorded by trvo observers, who relieved each other at inter- ^ 
vals (of 3 hours for the night observations), arc evidently the. more trustworthy. 

Table I gives the means of each hour for each month of the year, as obtained 
from the readings, corrected only for the difference between the means of the 
initial and terminal midnight ohservations, which difference has hecn distributed equally 
tliroughout the series. Tliis table gives also the hourly variations from the nican of 
the day. 

Table II gives the rectangular coordinates for the first four periodic terms of the 
harmonic formulae for each month and for the year ; and Table III the coefficients 
computed therefrom. Table IV shows the hourly values for each month, computed 
by the several formulae, and the corresponding curves are represented in plate XXXl , 
and Tables V and VI give the instants of maximum and minimum pressure, and their 
respective values, obtained by J elinck’s method of approximation. 
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table II. 

Rectangular co-orthnafee of the caustauts in the periodical formula for ihe (rtrirna? Mriafron cf at 

Goafpara, computed from Table I. 


ilOJTTIIS, 

I/t tin a'. 

C' cos u'. 

U” «in u*'. 

IT' CC.S u". 

U"' lin n'". 

C-" ettn"'. 



January 

... 

.~'0054S 

+•02033 

+■01907 

—•03741 

— *00018 

+-010J9 

— 

-•00300 

-■ ■ 

— ■{ioosr 

Febmarj 


— 'OoeoG 

+•03200 

+*01920 

—•01057 

+•00072 

+•00620 

—'00067 

-•00130 

Jlsrch 

■«« 

— *012/4 

• 

+•01001 

+‘02233 

—'04051 

+•00101 

+•00317 

—•00129 

+•00103 

April 


—*01940 

+•03910 

+•02070 

—'03673 

+•00163 

-•00001 

+•00100 

+ ^)0101 

May 

« »• 

—'02(360 

+■03930 

+•02291 

—•03153 

+•00159 

—’00150 

—•00096 

*+•00036 

June 


—’00501 

+■02832 

+•02035 

-■02810 

-•00036 

-•005 1-3 

+•00063 

+ 00209 

July 

»«• 

+•00183 

+ -02697 

+'01912 

—•02866 

-•00157 

-'00237 

—‘00239 

+•00051 

August 

... 

+•00012 

+'02SC1 

+•02235 

1 

B 

-00013 

-'00134 

—*00179 

—*00022 

September 

1*1 

— -ooiir 

+-03ol0 

+•02389 

—•03362 

-•00071 

+•00118 

-•00113 

—'00022 

October 


—•00733 

+■03168 

+•01726 

—03654 

+-00080 

+■00159 

-'00221 

—00079 

November 

««« 

—■00867 

+•03016 


—•03875 

+•00105 

+•00775 

—•00271 

—00137 

December 


—•00626 

+‘03422 

+•02159 

—•03705 

— 00063 

+'01039 

-■00212 

—00289 

Year 

... 

-‘00734 

+•03268 

+•02062 

imiiiiiiig 

+ ■00021 

+•00*252 

-•00121 

—00022 


TABLE III. 

Constant, co^eficients of the periodical formula, computed from Table II. 
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Mcuitua. 
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n-'. 
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0 > 


0 ; 


O f 

« 


C • 

January 



29-627 

•02688 

348 21 

•04227 

152 16 

•01050 

857 23 

•00312 

263 60 

Febraary 

• • • 

# «« 

•559 

•03257 

349 17 

•014S9 

154 40 

•00624 

C 37 

'00146 

207 16 

Marcb 

« * » 

k • 4 

•475 

•01202 

312 21 

•01623 

151 9 

•00361 

16 14 

•00163 

809 50 

April 



•403 

•01391 

333 43 

■04216 

160 36 

•00165 

90 21 

•00142 

+1 43 

Slay 


... 

•322 

•01437 

33*3 20 

'03897 

144 0 

•00477 

160 32 

'00103 

290 33 

June 


f «. 

*2-21 

'02876 

310 5S 


143 25 

■00545 

1S5 54 

•00218 

10 40 

July 

«<• 

t4f 

•200 

•02703 

3 53 

•03162 

145 53 

■00301 

211 25 

•00243 

282 6 

August 

* hk 

« 

•257 

■02361 

0 U 

•03S37 

144 23 

•00141 

197 47 

•00160 

263 0 

September 


*«« 

•341 

•03542 


-04125 


•00138 

328 58 

'00115 


October 



*465 



•01011 

154 43 

•00466 

9 53 

'00-235 


November. 


*** 

*586 


317 32 

•frl272 

155 7 

•00762 

7 43 

'00304 


December 



•638 

•03479 

349 3S 

*04288 

149 46 

•01041 

356 32 


219 57 

Year 

... 


•425 

■03-550 

’ 

347 20 

•0105S 

149 28 

•00253 

4 46 

'00123 

259 42 





























TABLE IV. 

Hourly variatmi of prewire at Goalpara^ computed with the constants of Table 111. 
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BABOHETER at IXDIAN* iiTATIOXS- 


tTanuary 
February ,,, 
March 
April ^ 
May 
June 
July 

August ... 

September 

October 

November 

December 

Year 


. table y. 

^ <hvrnal amh of maximm, m ul mnmvm prcs.urci at Goatfara, 


... 

**. 

• < « 

1 l>it Mil 

lins. 

4 

I'tinum. 

32 

I M5Ji»nnin. 

Iirs. tiins. 

9 3S 

} lirs. 
15 

•IS 

j ir.i\ MasI 

htn, 

22 

111114. 

IS 


»* • 


3 

43 

9 

32 

15 

51 ’ 

22 

.30 

• *» 



3 

sr 

. 9 

2-1 

1C 

2S 

Cl 

47 

»»» 

«»• 


3 

10 

9 

21 

10 

40 


5S 

•M 


«»• 

2 

58 

1 

9 

25 

17 

15 


47 


••• 

9»% 

3 

23 

9 

IS 

JC 

49 

22 

15 

... 


«» . ' 

3 

do 

0 

22 

IG 

42 

' 22 

23 


•*« 

• •• 

3 

49 

' 9 

31 

10 

41 

2*2 

30 

*•4 

««« 


3 

62 

9 

31 

1C 

32 

1)1} 

63 

... 

4*. 


3 

41 

9 

2C 

1C 

12 

23 

20 




4 

3 

D 

30 

15 

55 

oo 

MU' 

23 

•M 


«*• 

4 

29 

9 

42 

15 

51 

22 

48 



«•» 

3 

40 

9 

28 i 

IG 

2C 1 

22 

41 


TABLE VI. 

Mean monthly and anmeal values of th variatmi of the maorimnm and ininmum prewtm at He alovc epoth. 



JtoKtns. 



1st Slinimum. 

Ut Muximam, 

j Sa<l Minimum. 

2n<l Jlaxitnum. 

January ... 

«• » 

4*t 


—0208 

+'0743 

— -ocos 

+•0104 

Febmry ... 

... 



-•0197 

+•0767 

—0073 

+•0203 

March 


«•• 

... 

—0200 

+•0837 

— "075 1 

+*0139 

April 


«•« 


—0250 

+■0706 

-■0092 

. +-00S1 

May ■ » 



4«* 

—0217 

+•0733 

— ‘071.5 

+•0093 

June 

1*1 

MM 

• •• 

—0171 

+•0171 

—0012 

+•0223 

July 

t9t 


• •• 

-•oosi 

+-01GC 

—•0028 

+'0267 

August .. 

**• 


#»• 

-'0119 

+■0535 

— -0052 

+'0281 

September ». 


• «f 

• f • 

—0096 

+-0C31 

—’0729 

+•0256 

October 

M« 

• •• 

»«« 

—'0159 

+•0718 

—•0617 

+'0160 

November ... 

• 44 

«•• 


-'0183 

+•0703 

—•0618 

+•0171 

December 

<41 

• •4 


-•0128 

+-080G 

— -OGC-i 

+•0159 

Tear 

... 

14 * 

• •• 

—0158 

+-0GS4 

—•0053 1 

+'0181 


Patna.— On the south hank of the Ganges, about 12 miles below the junction 
oftheSone riyer, in north latitude 25“ 37', and 300 miles, in a direct line, distant 
. from the sea. The ohserratory is at the ciyU station of Bankiporc, which lies 
beyond the westei-n extremity of the natire city, and, like the latter, on the high 
hank of the riyer. The flat Gangetic alluTial plain extends at least 40 miles in 
every direction around ; the nearest liills being those which border the Sone valley, 
about that distance to .the south and south-east. On the north is the river, the 
reticulating channels of which occupy a width of some 4 miles ; and from the north- 
ern bank, the alluvial plain extends up to the foot of the Himalaya, 200 miles away. 
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THii dhjenaij vaeiation- or the 


The climate of Patna, like that of Behar generally, is essentially continental 
The mean temperature of the year is 77*6°; that of January (the coldest month) 

61% and that of May (the hottest month) 88‘8^. The mean .absolute annual range 
is 70”; the mean daily range of the first five months of the year from 25” to 30”; 
and tliat of the rainy months, July to September, 10" to 14i°, The humidity of the 
ah' is subject to great variations : that of the driest month (April) is d-l per cent, 
and that of the wettest 'month, August, 83 per cent, of saturation ; these being the 
average means of 4 sets of observations recorded daily at 6-hourly intervals. The mean 
monthly vapour tension varies from 0*350'' in January to 0*975" in July; and the ^ 
annual average proportion of clouded sky, as shown by the mean of 11 years’ obser- 
vations, is 4*22; that of November 1*66, and that of July 8*14. 

The hourly observations, on which the following tables are based, have been 
recorded on the 7th, 14th, 21st, and 28th of each month, since the 7tli May 1873. 
Six yeai’s of these have been taken, up to the 28th April 1879, so that each 
hourly mean value is derived from 24 (or, in a few cases, 23) readings. The same 
barometer has been in use tlrronghont. It is one of Casella’s small standards on 
Portin’s principle, with a tube 0*4 inch diameter, and it is suspended 279 feet above 
sea-level. 

Prom 1869 to 1872, observations were recorded four times daily, vis,, at 6- 
hourly intervals, (4 and 10, a.m. and p.m.). Por these hours, therefore, we have, in 
addition to the above, 120 sets of readings; hut they were taken with a smaller and 
less sensitive instrument, and, moreover, there is good reason to believe that in many 
cases, and especially in that of the night readings, no great punctuality was observed. 

I have therefore not corrected the hourly series to the less trustworthy values of . 
the earlier series ; hut in the table below, I give the comparable results of the 
two, side by side, as variations fi*om the mean ,of the four readings in each case, 
(not the true diurnal mean) : — 


Momd. 

FeOK Gir-XOD2LT SSAUTXOS. 

Feou uoasi-r: Bsvutnas. 

4 hoars. 

10 hours. 

IG hours. 

23 hours. 

hours. 

10 hours. 

16 hours 

23 houfi. 

January 



t a . 

—■022 

+■072 

—'056 

+ •018 

—•030 

+•071 

-'OoG 

+•017 

February 


... 

»aa 

—■021 

+•066 

—•052 

+*014 

— *025 

+•070 

— ’053 

+•013 

March 


... 


—021 

+•070 

—061 

+'016 

—020 

+•076 

-’079 

+•012 

April 


... 

»aa 

— 020 

+-0G9 

-■065 


—014 

+•074 

-•065 

+•009 

May 

• « « 

... 

... 

—015 

+■063 

—•064 

+•020 

'—012 

+‘063 

—064 

+•003 

June 

• K ( 

• a. 

• *a 

—020 

+•054 

—■055 

+•024 

—•009 

. +-053 

— 061 

+•019 

July 


«a« 

a* » 

—■015 

+■045 

—'049 

+•028 

—•013 

+ 047 

■ — ^"056 

+•023 

August 


... 

•M 

-■021 

+‘049 

—052 

+'025 

—017 

+•053 

-•OGl 

+'024 

September 

... 

■ *• 


-•021 

+■055 

—•058 

+•023 

—013 

+•062 

— 068 

+•019 

October 

... 

... 

**• 

—•022 

+’054 

—■049 

+■016 

—■021 

+•063 

—054 

+•014 

November 


a a • 

... 

—020 

+•061 

— 0*49 

+•016 

—019 

+•066 

-•058 

+•013 

December 

4.. 

... 


—*023 

+*068 

— 0 50 

+'oia 

—•018 

+•069 

—•059 

+•010 


The reduction has been effected by precisely the same methods as in the case 
of Goalpaia, and the results are given in the following tables. The curves, corres- 
pondmg to the figures of Table X, are represented on Plate XXXII. 















TABLE VII. 

Mean hourly presaures and hourly variations of jnessure at Patna, 
3Iean of twcuty-tliree or twonfcy-four series of hourly readings in eacli inoutli. 
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THE DIUENAE VABIATION OF THE 


TABLE YIII. 


Jielangnlar co-ordinaUs of He constants hi He jierioilical fornmla for He dhirnal vanaiion of preisure at 

Tatna^ computed from Table TII. 


Motrins. 

V sia n'. 

U' C03 u'. 

U" sin n". 

U" coi u". 


U'" cos a'". 

U'" sin u'’". 

U'" «3 U'"'. 

January 



— -oosro 

+•02302 

+•01701 

—•03593 

+ •00258 

+-00C55 

—•00301 

-•00152 

February 


... 

— -OODri 

+ -02033 

+•01901 

— 03375 

+•00129 

+•00499 

—•00071 

—•00103 

Jlarcli 



— ’01o34 

+•03552 

+-J01883 

—•03723 

—•00009 

+•00060 

—•00017 

—•00013 

April 

• » • 


—•01-111 

+•03930 

+•01853 

— -03396 

+ •00021 

—•00238 

+•00001 

-•00051 

Way 

• • ■ 

... 

—•01580 

+ 03813 

+•01831 

—•03252 

—•00033 

—•00503 

+•00001 

— -iXllOS 

June 



—•00171 

+•03260 

+ -01C13 

—•03069 

—•00023 

—•00519 

+•00008 

+•00014 

July 


• • • 

—•00303 

+ •02525 

+-019G7 

—■02721 

—•00103 

—•00306 

+•00117 

+■00029 

A ugust 

• •• 


—'00210 

+ •02012 

+•02051 

—•03070 

—•00091 

—•00205 

—■00012 

+•00014 

September 

... 

- 

—■00103 

+•03230 

+•01787 

—■03393 

—■00114 

+'00074 

+•00058 

+ 00115 

October 

• t « 


— 00793 

+■02703 

+•01053 

—•03101 

+•00292 

+-002G9 

—•00075 

—•00013 

Noyember 


... 

— -00878 

+■02375 

+•01109 

— ‘03G19 

+•00154 

+•00301 

— -ooios 

—•00072 

December 

... 

♦ •f 

— ^•00755 

+•03057 

+•01299 

—■03523 

+•00161 

+ -00007 

—•00254 

-•00094 

Tear 


• S 1 

—•00313 

+•03015 

+ -01683 

—•03310 

+‘00054 

+•00051 

—•00054 

—'00036 


TABLE IX. 


Constant co-efficients of He periodical formula} computed from Table VIII. 


110111118. 


Jaunavy 

February 

Jlarch 

April 

Way 

Juno 

July 

August 

September 

October 

November 

Eeceinber 

Tear 



Qum 

H 

u'. 

U". 

u". 

D'". 


h"". 

u"". 


29-863 

•024G3 

o $ 

339 11 

'01003 

O f 

153 61 

•00701 

0 r 

21 30 


0 r 

213 26 


•803 

•02807 

339 45 

•03873 

150 37 

•00516 

14 30 

■00120 

213 19 


•6S6 

•03869 

336 39 

•04172 

153 10 

■OOOCG 

353 6 


201 34 


'574 

•04186 

339 52 

■03809 

151 23 

•00239 

174 15 

'00051 

175 31 


•475 

■01131 

337 23 

•03732 

150 37 

•00501 

183 45 


177 53 


•349 

•03294 

351 47 

•03467 

162 10 

•00520 

1S2 32 

•oooic 

29 45 


•360 

•02513 

353 9 

•03358 

141 8 

•00109 

194 35 

:00i2i 

76 6 


•427 

•02G53 

354 41 

•03092 

146 16 

-00221 

203 50 


288 26 


•51G 

•03201 

S52 54 

•03S35 

162 14 

•00130 

302 59 

•00129 

20 46 


•GSO 

•02317 

343 39 

■03618 

1G3 6 

•00397 

47 21 

•00086 

210 10 


•819 


313 1 

•03785 

1G2 68 

•00395 

22 56 

•00130 

2.1G 19 


•880 

•03149 


•03755 

159 46 

■00686 

13 34 

•00271 

219 41 


•619 

*03159 

311 32 

•03740 

153 15 

•00074 

40 38 

•00065 

230 19 


* the mcac* ore those of the dnilj- obEervalioua of hctvrccn 10 aud 11 jeats, coneettd to true diuinal means, m ith the help of the prescat tah!e^ 




































Hourly variations of pressure at Tatna, computed with the constants of Table TX. 
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TABLE XI. 


M&aii diurnal epochs of minimum and maximum pressures at Patna. 



1st Slintinum. 

1st MsTimnni. 

Snd jlklintmum. 

2nil JJaiiBipni 





lirs. 

mins. 

hrs. 

mins. 

iirs. 

mins- 

lirs. 

minf. 

J aniiarj 

It* 

• «« 

» • t 

4 

G 

9 

32 

16 

3 

22 

19 

Pe'brnBry 

... 

* • • 


3 

47 

9 

38 

16 

12 

22 

43 

SI arch 

... 

• • « 


3 

2 

9 

30 

16 

31 

22 

31 

April 


»*f 

... 

2 

47 

9 

22 

16 

47 

22 

41 

May 


... 


2 

33 

9 

25 

36 

69 

23 

33 

June 

... 


... 

' 2 

52 

9 

3 

16 

43 

22 

32 

July 



««« 

3 

17 

9 

43 

16 

39 

22 

' 44 

August 


• kt 

4 «• 

3 

31 

9 

S5 

16 

35 

22 

SI 

September 

« 



3 

26 

9 

23 

36 

16 

22 

43 

October 



... 

3 

13 

9 

9 

35 

66 

22 

20 

November 


... 


S 

9 

9 

36 

16 

64 

22 

12 

December 


«•< 

... 

3 

42 

9 

’21. 

16 

63 

22 

19 

Tear 

t * t 

««• 

«4t 

3 

34 

9 

21 

16 

26 

22 

32 


TABLE XII. 

Mean monihly and annual values of the variation of the minimum and maximnvi pressures at the ahove 

epochs. 


MoBins. 

Ist Hinimum. 

1st Maximum. 

Slid Minimum. 

Snd Afaximnm. 

January 

• *fr 

*«« 

( « 1 

—•0242 

+•0707 

—•0501 

+•0176 

February 



r*v 

— -0210 

+•0677 

—•0543 

+•0154 

March 


... 

... 

—•0223 

+'0766 

—■0660 

+•0117 

April 



... 

—•0185 

+'0712 

—•0686 

+‘0117 

May 




— 0312 

+•0677 

—‘0677 

+-0123 

June 

... 

... 

*•* 

—•0147 

+•0532 

—•0640 

+•0209 

July 




—■0151 

+•0441 

—•0582 

+•0239 

August 

... 


.. 

—'0152 

+‘0511 

—-•0615 

~f* '02o3 

September 


... 

• • » 

—•0139 

+•0593 

—•0073 

+•0184 

October 

*»* 


• »« 

—•0214 

+'0642 

—•0510 

+•0134 

November 


. 1 * 

<*. 

—•0196 

' +-0C8O 

—•0547 

+•0126 

December 

»>k 

» • » 


— 0141 

+•0717 

■ -*0561 

+'0109 

Year 

• •• 

•m 


—•0175 

+•0632 

—•0591 

+•0162 
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Lee.— The capital of Ladjlh, in TTcstcrn Tibet, in north latitude 3d“ 10'. Tliis is 
the most elcyated station at ■which a meteorological register is regularly hept in India ; 
the ohservatbry being 11,500 feet above sea-level. It is situated in the Upper Indus 
valley, •which is here, for a distance of forty or fifty miles, from G to 8 miles across. 
Along the banks of the river, are numerous villages and fields, but for a mile on each 
side of the valley, between tbc fields and tbc foot of tbc mountains, is a desert waste 
of sand, gravel, and large boulders. The climate is comparatively mild, as contrasted 
with that of the high gravel plains, which form a great part of the table-land around. 
The town of Lch nestles under the hills north of the valley, at a distance of some four 
miles from the river, up a long, gentle gravelly slope, and the observatory is at the 
residence of the British Joint Commissioner. Behind to the north of the town) a 
short lateral valley leads np to the Khardong pass. 

The atmosphere of Leh, although exceedingly dry, is remarkably clear and trans- 
parent ; and the solar heat most intense. By simply exposing .water in an ordinary 
q^uinine phial, inked on the outside and placed within a larger bottle, Dr. Cayley 
succeeded in making the contents boil under the action of the sim’s inys, and it is 
not unusual for a blackened thonnometer in vacuo, when exposed to the sun, to show a 
temperature nearly 90'’ above that of the air around. Doubtless the radiation is intensi- 
fied by tbe bare rocky bills around. 

The mean temperature of Leh is that of January 1G’2“; and that of July, the 

hottest month, 6V1\ The absolute annual range, on the mean of 5 years, is not less 
than 95*3° ; and the absolute range recorded during the whole period, 110" ; the highest 
temperature in July 1876, being 93°, and the lowest, in January 18/8, 1/ 0 * The daily 
range averages 30", and occasionally amounts to nearly 40", and does not vary very 
greatly with the season ; being, however, somewhat less in the damper spring months 
than at other times of year. 

The mean vapour tension, as deduced from the ohseiwations of the day time only, is 
*138" ; and this, as compared with the tension of saturation at the mean temperature, would 
make’ the mean relative humidity 57 per cent., which is probably not far from the 
truth The driest months ai'e October and November; and the dampest January and 
Pebruary. These epochs coincide with those of highest and lowest atmospheric pres- 
sure respectively. The total precipitation, on the mean of four years, is only 2-3G 


inches per annum. . , n 

Theljarometrio readings, liere discussed, are tliose of four days montlily dunng tlirec 

comuleto years, exteuding from the 7 ft August 1876 to the 21st JiUy 187a, and each hourly 

value is the mean of 12 days’ readings. The instrument used ,s a mountain barometer nuft 

a tube not exceeding i inch diameter; and therefore, the range shoini, great as it is in 
certain months, is piohahly slightly less thamvonldbe given by a larger instrument, The 
curves (renvesented on Hate XSSIII) present the remarkable featare that, oinng 
to the irit magnitude of the diui-nal faU of pressure between the forenoon and fte 
afternoon, during six months of fte year, (oia.,__from June to November,) the osediation 

i<; dno-le havino- but one maximum aud one minimum. • xi • -.l; i 

i; Z.I of the hourly readings, after coneetingfor “yl" “ 

“fxymtoSTh" results Computed therefrom by fte mefl^ already described in 


a previous paper. 

» This is 3'6° lower than that given bv Baron H. von 


Schhgintweit from 14 months’ registers- 



TABLE XIII. 

Mean /lonry j))is'iwes and vartabons of jnessnre at Ijeli. 

JIcTTis of 12 ECiies of liouily leadings in eacli month. 



005 CBO +010 C02 + 008 C78 +011 C6J +001 CIO +003 C^O + OIB 701 — COl "25 + 000 731 + OOJ 003 
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BArv03Ii:TEIl AT IXBIAN STATIONS. 

TxVBLE XIV. 

licclaitfffdar co-ordinates of the eonslanti hi (he pcn'odhat fonmda for He diurmf rcrintkn of 

pressure at Zch, computed from Tulle XIIL 


SfOSTPS. 

U' ein.u'. 

U' Cos, n'- 

C" tin. n". 


b' *' «!ti. a'". 

' 

IT'” C''-?. «•". 


t"'" e.s. n'"'. 

Jftnnary 

+•00123 

+ 01517 

+00313 

. 

-•01673 

--00012 

+ *00310 

-•C'0125 

+ firtlOl 

Tcbniary 

+■00030 

+0325 1 

+ OOS27 

-01817 

-•(0071 

•f-00127 

—*000*17 

■-■(K'020 

MaTcli ... 

-■00217 

+•02533 

+•01200 

-01193 

+•00121 

+-0C2tX) 

+-oootH; 

+00105 

April 

+'003G7 

+'027-lS 

+00377 

— 01C23 

-■00103 

+ 00071 

- -00203 

+ 00115 

!Mny 

+00700 

+•03511 

+-O0S19 

-•01993 

-•00037 

+00010 

-■00133 

+00370 

Juno 

-•00032 

+•0382 1 

+ 00S11 

-•oiino 

+•00020 

-■00131 

-•00120 

+•00123 

July 

+•00185 

+■0 1720 

+ OOGGS 

-•01C30 

-•00071 

+ 00011 

-•001 12 

+•00357 

August 

+ *00812 

+•01110 

+01IG1 

- 0201.3 

- -00028 

+00033 

- -00305 

0 

September 

-•00127 

+'01700 

+00332 

-•01987 

-00123 

+■00182 

- -00183 

+ ODl 59 

October 

+•0003*1 

+03797 

+ 01031. 

-•01338 

-■00237 

+00131 

-■00029 

+00079 

November 

-•00210 

+’03293 

+•0031 C 

-■01690 

*{-‘00075 

+•00121 

-'0005S 

-•00159 

December ... 

-•01000 

+-02S97 

•^-*00735 

-'01797 

+■001 2C 

+■00211 

-■OOMC 

+•00079 

Year 

+OOOG2 

+ 03115 

+•00312 

-•017-JS 

-•00031 

+-00JC0 

-'00121 

■ 

+ 00005 


TABLE XV. 

Constant coeficients of the periodical formula computed from Talk XlV. 


jrosTirs. 

Mean.* 

V. 

a'. 


n 

U'". 

n"'. 

V"". 

o"". 

.Tnnuary ... 


19'G23 

•01552 

4’4t' 

•0190G 

1C9’3S' 

'003 (6 

058rr 

•001 G1 

ooa'oG* 

February ... 


■598 

•03234 

0’4t' 

•02024 

135*53' 


329‘4G' 

•00073 

246*36' 

JJareh ... 


•66S 

•02512 

333*6' 

•01916 

MF13' 


23*9' 

•00145 

dl'SS' 

April 


•fi62 

•02773 

r^SG' 

•01815 

151*37' 

•00125 


•0023S 

295*56' 

May 


•692 

•03628 

12^35' 

•03135 

157*40' 

•00033 

285=7' 

•00159 

299*.17' 

June ... 


•652 

•03S24 

359"31' 

•01670 

150*57' 


1GS*4G' 

•00178 

SI3'3S' 

July 

• • » 

•GOG 

•01724 

2^3' 

■01762 

1b7’43' 


3C0*0' 

•00167 

SOFST 

August ... 

♦ *.* 

•618 

■01196 

IFIO' 

•02324 

150*2' 

■000-13 

319=41' 

•0030S 

270‘0' 

September 

• • t 

•702 

•0470S 

35S''27' 

•02057 

IGb'I' 


325=57' 

•00312 

3IC"59' 

October ... 

t » » 

•753 

■03797 

0'31' 

•02119 

ISO'IO' 

•00272 

299*29' 

•0DS13 

339*51' 

November 

n* 

■715 

■03302 

353'o0' 

•01877 

154^14' 



■00109 

200'2' 

December ' 

»■« 

•658 

■030GS 

340’1S' 

■01912 

157^45' 

•00275 

27*19' 

-OOlCG 

295*25' 

Tear 

... 

•6G3 

'0311G 

1''2' 

•01940 

154n7' 

•00161 


*00137 

29Sri5' 


• The iseans ors ttotc of the Ctc jtan’ (1675 70) daily ohserrations st’.lO and i r.ii.. eesreeted to tnit atans. The aoolhi Hay, 3 tat tad Jely 


1970 being Trantipg. 
















TABLE XYI. 

HdutI^ v^vidtioTi of pTss^uvc ut JjshyCOVtpdicd the coustduis of Tohlo S^V* 
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XII. — The Meteorology of the Xortli-Wesl Himdloyn. — By S. A. lIiLt, B.Sc., 
Ileieorologlcal Beporier to Government^ Xorth-TT^cstern Brocinccs and Ondh. 

Prefatory Kote. 

Tlie following paper was prepared to form a chapter in the volume of the North- 
TFesiern Brovinces Gazetteer^ which deals with tho Himalayan Districts of Kumdun^ 
Garhwal, and Dehra Diin, Though some of tlie descriptions of familiar meteorological 
phenomena given in its pages arc perhaps out of place in these Memoirs^ the paper has 
been reprinted here, in order that the data contained in it may he rendered more 
accessible to meteorologists in general than when huiicd in a local gazetteer. Advantage 
has been taken of the reprinting of the paper to revise all the tables, and include in them, 
as far as possible, the results of the most recent observations. The discussion of tho 
vertical distribution of temperature, and the annual variation of pressure has also been 
slightly extended. 


An exhaustive discussion of the meteorology of these districts cannot yet bo 
attempted ; but sufficient data have already been collected, to seire as a basis for a 
general description of the climate, and at the same time to throw some light on several 
of the more interesting problems of meteorology. In this respect, the Himdlaya, on 
account of its less distance from the eqnator and its greater elevation, presents many 
points of advantage, as compared -with the Alps and other European mormtain systems ; 
and already some important general conclusions regarding tlie physics of the atmosphere 
have been drawn from the observations that have been made in it. The mere statement 
of the fact that, nearly all the snou^ peaks and most of the passes over the Indian water- 
- shed stand above the lower half of the atmosphere, and thus completely cut off all com- 
munication between India and Central Asia, except in the upper strata, indicates how 
much regarding the general movements of the atmosphere may he learnt from obser- 
vations taken in this part of the world. 

Of late years, a good deal has been done in the way of collecting trustworthy 
meteorological data for the mountain zone by the establishment of Government observa- 
tories at certain points. The places where observations are made at the public expense 
must always, however, he few, and it is desirable that more should he done in the way 
of enlisting the services of volunteer observers. Temperature and rainfaU ohsmations 
are now made at many tea-gardens in Knmann ; hut, as a rule, so little attention is paid to 
the hours of reading, the exposui’eof the instruments, and the continuity of tho registers, 
that the results are of no value for scientific discussion and comprfdson. By far the 
most important of the observations taken in the north-west Himdlaya, prior to the estab- 
lishment of regular observatories, were those collected by Lieutenant (now Lt.-General) 
n Strachey of the Bengal Engineers, in 1848 and 1849. Some of General Strachey’s 

■ deductions 'from them have been given to the world in the Troceedings of the Boyal 

.Society and the Journal of the Asiatic Society of Bengal; hut othei's have not yet been 

A 
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pul^lislied, tliotigh tliej were long ago embodied in a work on the » Physical Geogi>aphy 
of the Himdlaya” that has been placed at the disposal of the compiler of this volume. 
Consideiang the scanty nature of the materials General Strachey had to work with, the 
conclusions aiTXved at were wonderfully accurate; and though some of them were 
opposed to the generally received opinions of the European meteorologists of the day, 
they have been confirmed in almost every respect by the, more extensive data subse- 
quently obtained from the Himalayan observatories. 

In the following pages a somewhat detailed discussion of all the data available for 
meteorological inquiry wiR be given after a brief general sketch of the climate. The 
several elements of meteorological observation will he taken in the natural order of cause 
and effect, commencing with solar radiation and afterwards passing on to temperature, 
barometric pressure and winds, and the distribution of vapour and rain. 


Sketch of Climate. 

The order of the three seasons on the plains of Upper India — the cold, the hot, and 
the rainy — is now well known even in Europe, After the close of the rains, at the end 
of September or beginning of October, the sky is serene and the atmosphere transparent. 
Owing to the absence of cloud and the rapidly diminishing proportion of water vapour, the 
air is also very diathermanons ; that is, it permits the fi'ee passage of heat from the sun to 
the earth in the daytime ; and in the calm nights that prevail at this season, the radiation 
heat into space goes on so rapidly, that the earth*3 surface and the air resting on it become 
very cold before moiming. The months of October and November are thus characterized, 
not only by clear skies and calms, hut by a great temperature range and heavy dews at 
night. These conditions prevail through the greater part of December, and towards the 
end of that month and in the beginning of January, the exposed thermometer sometimes 
falls 10 degrees below freezing, at places as far down the plain as Allahabad and Benares. 
In the Panjab, it is much colder ; and there, the shaded thermometer sometimes reaches 
the freezing point. 

About the end of December, and in Jannaiy and Eehruary, however, clouds often 
interfere with the free radiation of heat at night, and the daily range of temperatme 
for these months is less, on the average, than that of November. Some rain usually 
falls at this time of the year, especially in the Panjdh and the higher districts of the 
North-Western Provinces. In March and April, the temperature rises rapidly, especially 
at a distance from the mountains, and the air becomes extremely dry. Hot winds, from 
the west or north-west, blow down the valley of the Ganges, and rapidly change the 
appearance of the whole country from that of a highly cultivated plain to that of a 
parched and sandy desert ; almost the only green tilings left being the groves of mango 
trees. In April, the daily range of temperature over the plains is at a maximum, ex- 
ceeding 30 degrees in most parts of the North- West eim Provinces and the Panj^b. The 
nights arc stUl tolerably cool; though, in the day-time, the thermometer ranges as high 
as 110®E. or even higher sometimes. 

During May and the first half of June, the temperature continues to increase ; 
though much less rapidly than in March and April ; until, by the 16th or 20fch of June, if 
the periodical rains have not commenced, the temperature is probably higher in Korth‘> 
Western India than anywhere else in the world. In the North-Western Provinces 
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tlic slifidod therniomctcr lias only licen known to rise once or twice above bui 

in ilic Panjub tcmpcratui’es as higli as 123'* or 121'’ bare been recorded. Tbe days in 
June are thus only a few degrees hotter tliau those of April; but, as the rainy season 
approaches, the range of temperaturp diminishes and the nights hecorae insufFerahly 
hot and close. 

Bain seldom falls in the hot weather, the falls that do occur generally taking place 
during thunderstorms. About the middle of May, however, the quantity of water 
vapour in the air begins to increase rapidly, betokening the approach of the rainy 
season. This vapour is prohahly brought by the prevailing south-west upper current of 
the atmosphere, wliich seems to descend gradually until it merges mih the surface sea 
winds of the Bay of Bengal and forms “ the south-west monsoon” or prevailing wind 
of the rainy season. In Northern India, the lowest strata of the sea winds are deflected 
from thcii’ normal course by the mountains, and directed towards tlic seat of highest 
temperature in the Paniah ; thus appearing as cast or south-east and not ns south-west 
,uunds. Along the foot of the hills, these easterly winds arc felt occasionally by the 
'middle of Hay, when the quantity of vapour in fclic aiT di'st begins to show signs of a 
rapid increase. 

During, the latter half of June the sea ■winds increase in strength and gradually 
advance along the foot of the Himalaya, until, by the beginning of July, the rains have 
usuaUy set in all over Northern India. In ordinaiy years rain continues to fall, not 
every day, hut with frequent intermissions or breaks ”, until about the end of September, 
when the easterly ■winds cease, except close to the hills, where they last a month longer, 
and are succeeded by calms or feeble currents from the west. In the Panjdh, the rains 
begin later, are Hghter and more intermittent, and end sooner than in the North-West- 
ern Provinces ; and the length and intensity of the rainy season increase regularly as wc 
approach tbe sea in Bengal. During the rains, the temperature averages about 85°, over 
the greater part of Northern India. The daily range, at this time, varies from 8 to IG 

degrees, being greatest in the driest districts. 

The extremes of heat and cold are much more marked in the Panjdh and the upper 
‘ part of the North-Western Provinces than in Bengal, for two reasons— the greater 
distance from the sea and. the higher latitude. On account of its proximity to the sea 
and its heavy rainfall, Bengal is moist and cloudy at. all seasons compared to the 
Paniab. This condition of the atmosphere, by retarding the radiation of heat, rcndeia 
the cHmate of Bengal more equable than that of the Panjdb,^ just as an ^sular 
climate is more equable than a continental one. Again, the latitude of the Pan 3 ah, 
which is 7 or 8 degrees higher than that of Bengal, causes its ^vinters to ho 

much colder and it^ summers much hotter. At first sight it seems, anomalous that a 

place should he the hotter the more distant it is fi'om the equator, at any season of the 

year* but when it is borne in mind that the quantity of heat received from the sun is 

Lectly dependent upon the length of the day as well as on the devation of the sun 
above the horizon, the anomaly disappears. Yarious mathematical physicists Horn 
HaUey downwards, including Poisson^ and, more recently, Heecb,- have calculated the 
total Lting effect of the sun, in different Latitudes, during a day or other ^ven period of 
lime. The latest investigation of this kind has been made by Wicnei of Carisruhe, uho 

• Theoric dc la Chalcur, 1S35 edition, page -173. = SmitMan 

- > ZcilMft dcr Oesienwhhehea Gesdhehaft fur Zfcicoroh^ie, Xn, la^c 1 . 
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finds that, wliile the maximum of heat for the whole year falls ou the equator, the 
maximum for the 21st of June is at the north pole, where the sun remains above the 
horizon for twenty-four hours, and has an altitude of nearly 23^ degrees for the whole of 
that time. In the summer half year, from equinox to equinox, most heat falls on a zone 
about 25|“ north of the equator, and during the three months nearest to the summer 
soistice—that is, from the 7th of May to the 6th or 7th of August, the zone of greatest 
heat lies about ^rJST. The total heat received, during these thi*ee months, by an area in 
latitude or is anore than a fifth greater than that which falls on an equal 

area at the equator. The actual increase of temperatui’e produced must be more than 
this ; for the mean .temperature is determined by the balance between tbe gain of heat 
during tbe day and the loss at night. When the gain of heat from the sun at any place 
is greater than at the equator, on account of the length of the day, the loss at night 
must he coiTespondingly less. 

This excess of solar heat in summer, together with the dryness of the air and tlie 
absence of cloud, seems to account for tbe excessively high temperature of June and 
July in the extreme north of the Panjah and on the plains of Ydrkand and Kashgar, stOl 
farther north. In the moister zone of the mountains, the direct action of the sun is less 
observable ; but beyond the Indian watershed it is by far the most important factor in 
determining the character of the seasons. 

Kegarding the succession of the seasons in the mountain zone, General Strachey 
says : — 

" The same general sequence of the seasons takes place in tbe mountains as ia the 
plains. Here, however, every altitude has its own special temperature, from the lower 
valleys where the heat is still overpoweringly great, to the regions of eternal' frost ; hut 
at all elevations, in summer, the force of the sun’s rays is excessive. The summer rains,, 
too, gradually diminish in strength as we move along the chain from east to west, being 
at their maximum in Sikkim, but still being felt slightly on tbe ranges north of Pesbd- 
war. The heaviest falls invariably take place on those portions of the chain most 
exposed to the south ; increasing in amount up to a ceidain height, [not veiy exactly 
determined, but probably about 4,000 'feet^ ; at the same time, every liigh and continuous 
ridge most sensibly diminishes the supply of rain that falls on the country to the north 
of it, and we find, as we approach the Indian watershed, that the quantity is very small, 
and that the monsoon only just drops a few partial showers on the southern border of 
Tibet. The v/inter, as may he supposed, is extremely rigorous on the summit of tbe 
table-land ; and at this season, or in spring, the only important precipitations of 
moistm’e take place in the form of snow, but tbey are exceedingly small in quantity.” 

Tbe reason why every altitude has its own special temperature is, that tbe an* is 
warmed chiefly by contact with tbe liot groimd on which it rests, and hut little by direct 
absorption of tlie solar rays. The air in contact with the ground, expanding and be- 
coming less dense, rises up ; but, in doing so, its heat is rapidly converted into the work of 
expansion ; the result being that, the temperature of the upper strata can never rise so 
high, on the average, as that of the air near the ground. Dry air, if heated only at tbe 
bottom, would lose 1 degree Fahrenheit, for every 183 or 184 feet of ascent. In moist 
air that is precipitating rain, and thus being warmed by the latent heat of tbe condensed 
vapour, tbe rate of decrease is much less. The rate actuaUy observed, both in halioon 
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asccnls and on mountain sides, isles? than that calenlnfcd fhoorctioaUv, hccause even 
(ly air IS to some extent warmed directly by tlio sun’s rays, while air’ saturatcil with 
moisture has a very coMiderahlo absorbing power. On mountain slopes also, the fern- 

perature falls less rapidly than m the free air over the plains— at all events for the first 
nine or ten thousand feet of ascent, the reason being that tlic air is heated by contact 
tue mountain sides. 


Badiatiox. 

No data at present exist, from wiiicli the average intensay of solar radiation, and 
its variations from time to time, can lie estimated ndtli any approach to exactness. 
Any deductions made by passing from mdiation to other meteorological phenomena 
must therefore, to a great extent, he based on theoretical considerations. 

The instrument hitherto used to measure the intensity of the sun’s heat has been 
a maximum thermometer ndth a blackened bulb, surrounded by a thin glass case more 
01 less completely exhausted of air. If the exhanstion vrere perfect, the temper- 
ature of iihe instrument ivould be determined by radiation to and from surrounding 
objects ; including under these, the glass case of the instruoient, which is in contact 
with the air, the sun, the ground, the clouds, and the open sky. Were solar thermometers 
all made exactly alilce and exposed under absolutely identical conditions, the excess 
temperature of the instrument above the contemporaneous temperature of the air 
would be a measure of the excess of radiant heat falling on it from objects above the 
horizon, over that wliich passes away fi’om it. The folloinng table gives the average 
value of this difference for each mouth, at six stations. Corrections have been applied, 
as far as possible, for differences of instrument and oxposm*c, except at Debra, for 
which the corrections are not known : — 


I. — Monthly viean excess temperature of the solar thermometer uliove the maximum in simile. 
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If the air were absolutely diathermanous, the altitude of the sun above the horizon 
and the vertical thickness of the atmosphere above the place of observation should have 
no effect upon the temperature differences in the table, which should therefore be the 
same for all the stations and for every month of the year. But the air having some 
ahsorhing power, the differences should he greatest when there is least air for the sun’s- 
rays to pass through ; that is to say, at the highest stations and in the summer months. 
Up to Chakrata, the excess temperature of the solar thermometer does increase with a‘ fair 
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den-ree of regularity ; but it appears to be less at Leh than at Ciialcrdta, contrary to all 
theory.^ There is also no regular increase apparent in the heating power of the sun, as 
the season changes from winter to summer. The truth is that, the indications of the 
hlach-hnlb thermometer are affected hy so many disturbing causes, tliat after all possible 
corrections, they are of little or no value for inter-comparison ; though with the same 
thermometer, at the same place, and under absolutely constant conditions of exposure, 
the figures for one year may he to some extent comparable with those for another. 

The results of observations with the noctural radiation thermometer are even more 
unsatisfactory, owing to differences in the height of the instrument above the ground, 
and in the nature of the ground surface itself, whether grassy or hare. 


jj^ Monthly 7nean depression of ihe grass iherniometer helow flie tninimntn in shade. 
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The figiu’es in Table II serve to show that, the depression of the noctural radiation ther- 
mometer, below the minimum in shade, is less in the rainy season than in the dry, anti that, 
both at the bill stations and on the open plain, the refrigeration of the earth surface dmang 
the night, is probably greater tlian at Pehra', w'bere the observatory is situated in a 
well- wooded park. They do not throw any light on the (question whether ‘the air near 
the ground cools more rapidly at night on mountain tops or on the plains ; though it 
is probable that in the clear, calm nights of the cold w'eather, the difference, if any, is 
in favour of the plains ; since there, the air cooled by contact with the ground remains 
in contact with it, whereas, on the mountains, the cooled air constantly drains a’lvay, 
and is replaced by warmer air from the surrounding free atmosphere. This is probably 
the reason why nocturnal radiation appears to he less effective at Chalanta than at 
Eanikhet. At the former station the observatory is situated on the crest of a sliai’p 
ridge, while at the latter it is on a broad, gently sloping spur. 

Temperature. 

It has been ah'eady stated that, in the western Himalaya, every elevation has its 
characteristic mean annual temperature. Each elevation has probably also a distinctive 
form of variation of temperatoe during the 3 ear, and the daily variation is different 
at different altitudes, in range if not in general form. 

Eor a proper discussion of the distribution of temperature in a hiUy country a 
very large numW of observations would in most cases be req^uired ; and these should 
be made at places chosen so as to he at nearly equal distances from each other verti- 
cally, and, at the same time, fairly distributed in latitude and longitude. On the south- 
ern slope of the Himalaya, it forHmatdy happens that differences of latitude and 

> This is probahly due to the erroneous xc^'straiion of the shaded maxiuuua thermometer, only recently brought to 
lisist.— H. F. B. ' ' 
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loiij^itiidemaTve but little dilTerencc in the mean annual ieniprrnture. The sca-levcl 
values of the mc3an temperature at the Sub-Himalayan stations, from Jx)u’cr As-iiu 
to Ambala all be between 70 and 78 degrees Palnenhoit, and the temperatures of 
places at about 7,000 feet elevation, along the whole range, from Darjiling to ifarri in 
tbe north of the Panjub, do nob differ more than 2 or 3 degrees. 

Doth along the plains and at the level of the hill sanitaria, the highest mean tem- 
peratures arc found to cliamcterizc the regions lying hetween the Kuli and Satlaj rivers. 
The chief reason for the gi*oat uniformitj^ of mean temperature, at the same elevation, 
that prevails over the whole Himdlayan region — that is to say, through more than 7 
degi'ees of latitude and 17 of longitude — is the greatly increased licat of sunimer in 
the north-west as compared to the east. In Bengal and Sikldni, the sun’s rays, when 
most intense, are to a great extent cut off by cloud j wbcrcas, in the Panjitb and the 
nortli-west Himdlaya, tlie winter is almost if not g^nitc as cloudy as the summer. Por 
these reasons, Darjiling lias very nearly the same temperature in January as Simla, 
Chakrdta, or Mussooree; while, in May and June, it is seven or eight degrees cooler. 
The comparatively low temperature of the . summer at Darjiling renders the mean for 
the year nearly two degrees lower than that of ^larri in the extfemo north-west, though 
the effect of latitude is apparent in the low tempeintm'c of IMarri in Januniy. 

On account of this uniformity of temperature, a small number of observations, 
at places ‘ ebosen specially with reference to height above the sea, will enable us to 
ascertain tbe most important features of temperatui'C distribution, in the Himalayan 
districts of the Hortb-'Western Provinces, Tbe following tabic gives tbe mean montb' 
ly temperatures of twenty-one places, including tbe two stations on tbe plains that were 
given in tbe previous tables. All the other places, except Dbarmsiila, lie in one or other 
of the three districts of Kumdun, GarhwdI, and Dehra Diin, or in parts of Kunawar, 
'Lahul, and Laddkh to the north of Dehra Dun. The monthly means from a Govern- 
ment observatory at Dharmsdla in the Panjab have hceu inserted, though tlus station 
lies nearly two degrees west of Dehra Ddn, because it was considered desirable to have 
some trustworthy figures for places about 4-, 000 feet above the sea ; and the only other 
station near that altitude is Hawalbdgh in Kumdun, for which wc have hut one year’s 
observations. 


7 / 7 . — Mean monthly and annual temperatures of places in Kumdnn, GarJiwiilj Delira Dun, and adjacent 

districts. 
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rrr Mean moniklv and annml Umperaiuree of places hi Kntnditn, Garhcdl, Behra Dm, and adjacsnt 

districfs — continued. 
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45-6 
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55-2 

497 

60 3 

10 
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CO-4 

66-0 

69-1 

68-4 

67-3 
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59-3 

52'7 
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46 6 
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10 

Mussoorce (2) ... 
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178 7 

6,937 

41*7 

44*2 

51-7 

69-6 

65'6 

68-5 

64-7 

C4-1 

C3-0 

57-3 

S2-0 
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Chakeata 

30 40 
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7,052 

42*1 j 

43-3 

51-0 

1 59-8 

64-4 
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G4-3 

641 
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57-6 
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56-3 
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37'8 

44*1 
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63-9 

64-3 

564 

49-4 
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32 0 

78 30 

9.296 

28*8 

34*6 

37-2 

46-6 

56-7 

C3'7 

66-6 

65-0 

61*3 

54-1 

1 
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36-1 

49-4 
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Kardong (Lahdl) 

32 34 

77 1 

10,242 

94*0 

36*0 

44-0 

47-0 
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60-0 
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46-0 

37-0 

27-0 
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6*^10 

Spiti Valley 

8210 

78 0 

13,000 
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20-4 

23-9 

39-6 

47-9 

58-3 

61-9 

57-3 

54-7 

41-1 

24-9 

18-3 

39-0 
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A^uikoritics for the above fable. 


Babeilxy; Eegistere of the Government Meteorological Observatoi^’-, 1869 to 1880 
Eooekxe: Ditto, ditto, 1863 „ 1880 

Deaembaia.: Ditto, ditto, 1871 „ 1875 

Hanikhet: Ditto, ditto, 1871 „ 1880 

Chakeata: Ditto, ditto, 1869 „ 1880 

Leh ; Ditto, ditto, 1868 „ 1880 

Dehea : Eegistcrs of the Obserratoiy nt the G. T. Survey Office, 1868 „ 1880 

Kaiki Tal; Eegistcrs of Government Observatory, 1863 to 1869; and observations by Dr, Pnyne in 1851*64, given at page 
496 of the third volume of the JSesulis of a Sdenftfic JUissioji to Jndia and Bdfh Asia, hy the brothers 
Von Schlagintweit. 

Messooeee (1) : Eecords of an observatory at Saint Fidelis’e School for 1877*80 ; eomowhat fragmentary, 

(2 ) : November to April, Sir A, Waugh's and ilr- Maclcinnon’s observations in 1856-50, also one year’s observa- 
tions from Dove's tables ; May to October, observations at the Survey Office for 1866-79, furnished ijy 
Mr- Hennessey, F.R.S. 

Registers kept at the Convalescent Hospital in 1852*54, and 1866-67. Observations for the three years 1877-79 
have been communicated by the medical officer in charge, but the means deduced from them appear to be 4 
or 6 degrees too high. ^ 

Pigot — Calcutta Journal of Watnral Mtsforp, Vol. VI-, 1837-38. 

Observations at the Regimental Hospital, 1862-64 and 1866-69. 

Hawalbagh : Von Schlagintweit, page 494, on the authority of Mr. Batten; year unknoivn. 

Lohughat; Clelland's Geology of Kumaon, page 179 : parts of 1830, 1831, 1834, and 1835. 

Kaboosq: Von Schlagintweit, page 513; 1855-66. 

Kanaji : Cunningham's Ladak, page 184* ; 1827-28. 

Spiti Valley; Ditto, page 183=; 1816. ' ' 

Seisagae : 'I 

> Manuscript observations by General Strachey and his brothers, 1847-49, 


Lasdatje : 


KaLSI ; 
AljxoEA ; 


Patjei 

Nixi: 


3 


The figures for the regular meteorological observatories, (printed in small capitals 
in Table III) and those for the observatory at the Survey Office, Mussooree, are either 
directly calculated from observations at 4i a.m„ .10 a.m.^ 4 p.m., and 10 P.M., or bare 
been corrected to represent the means of observations taken at these hours or the 

U br means ol the observations ot Cbakiata and Leh. 

* Ilecompnted and corrected bj 
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means of twenty-four hourly ohservationsh They prohahly difler very little from true 
daily means. The mean temperatures for the other places have hecn calculated in 
various w'ays, and many of them arc open to considcrahle doubt. 

The mean annual temperature diminislies pretty regularly as beigbt increases. In 
the table, there arc only tliree exceptions to the rule that the higher a jdacc Is the cooler 
it is. It will be seen also, on comparing places of nearly equal altitude and not very 
far apart, that the highest temperatures belong to those which, lying behind the outer- 
most high ridge, are subject to a much smaller rainfall than stations situated on the 
ridge, or in. valleys opening out to the south and exposed to the full foivc of- the rainy 
winds. Thus Udnikhet and Almora are too hot in comparison with ISTaini Tal. The 
differencD in temperatui*e, as well as in humidity, between places situated at equal 
heights on the outer and inner ranges of Kumuim, is sufficiently great to he easily 
recognisable without the aid of, instruments, and is well known to all who have ever 
resided in the hills. The variation of temperature between the hottest and coldest 
months and the daily range of the thermometer are also greater, as a rule, in the 
interior than on the outer hiUs *, owing to the larger proportion of cloudy sky and greater 
humidity of the air in the latter region. 

Both the diurnal and the annual range of temperature decrease on ascending from 
the plains up to a height of 6,000 or 7,000 feet ; and, beyond tluit, they again increase ; 
their greatest values being attained at the highest stations where observations have been 
made. These places, however, lie to the north of the Indian watei'shed, where the 
humidity is doubtless less than on the southern side ; and the observed ranges of tem- 
perature are probably higher than they would he at equal altitudes on this side of the 
snowy range. Moreover, the annual range, in Tibet and Laddkh, is greater than on the 
Indian side- of the chain, on account of the difference of latitude, as has already been 
pointed out. In Table IV, the daily and yearly ranges of tempeinturc at tw‘clvc places 
are compared, and from it these relations will be readily seen. 

If.-^Mean diurnal and annual ranges of temperalure at places in the Jl'mdlaga, 
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The table shows clearly that the minimum range, for both day and year, is readied 
at Bilnikhet and the lower filussooree station— that is to say, about 6,000 feet above the 


The fi-ures for LA have been corrected toTenresent the mean ot 2i honrty A-ervations. The mean tempemiure of 
this station ^ven bj Mr. Blanford at page 371 is derived from the minimum and 4 P.ir. observations, and is i‘5 too 5o^T. 
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sea. The dependence of the dinrnal range upon the humidity of the air and the pro- 
portion of cloud at each station, is distinctly brought out in the Taiiations from month 
to month. At all the stations, but Leh and the Spiti valley, -which lie beyond the snowv 
mountains, the months of the year which are driest in India — April and May— have the 
largest daily thermometric range, and the most humid months — July and August—have 
the smallest. There is a secondary minimum of temperatm’e range, coinciding uith a 
maximum of humidity in J anuary, and a secondary maximum in the dry and cloudless 
month of November. At Leh, where the most freq^nent precipitation of moisture 
during the year takes place in winter, the range is somewhat greater in the summer 
than in the winter months. 

Owing to the greater annual range of temperatme on the plains than on the hihs, 
the diminution of temperature in the first 6,000 feet of ascent, is most rapid in the 
hottest months, and least so in the cold season. Between Boorkee and Chakrdta, the 
difference is only 11 degrees in Becemher and more than 23 in May. In the clear still 
nights of the cold weather, especially in Kovemher and December, before the winter 
rains and snows set in, the nocturnal loss of heat goes on almost as freely on the plains 
as on mountain peaks. It is thus not unusual to find the temperature of the ex- 
posed thermometer at Boorkee nearly as low as at Ohalvi-dta, and it very frequently falls 
lower at Boorkee than at Dehra, "where the observatory is surrormded by trees. In 
December, the mean temperatiu’e diminishes between Boorkee and Dehra at the rate 
of only one degree in 1,000 feet, while, in May and June, it falls one degree in 230 feet. 

The low temperature of the plains in the winter season, especially in the morning, 
is doubtless due, in part, to the draining of cold air down from the mountain slopes 
through the river gorges. This, however, cannot appreciably affect' the- temperature 
of places at a long distance fi’om the mountains, though it may have a very considerable 
effect on that of Boorkee, close to the foot of the Siwaliks. The minimum temperature 
of the day is thus one or two degrees lower, on the average, at Boorkee, than at Dehra 
in the months of November and December; and in January, the minimum temperatures 
of the two places are equal. In the mountain country itself, it often happens, for the 
same reason, that the temperature of the air, at the bottom of a vaEey, is distinctly lower 
than on the adjacent ridges. A similar inversion of the normal variation of temperature 
with height has been noticed in Europe during calm weather iu winter. 

Erom March to June, the absorption of heat in melting and evaporating the snow 
on the outer hills, and in evaporating the rain that falls there in frequent showers 
^vhen no rain falls over the plains, keeps do-wn the temperature ; so that, in May and 
the first half of June, when the plains are at their hottest, the decrease of temper- 
ature, on ascending through 6,000 or 7,000 feet, is more than twice as great as in 
December. 

In the Banjdb, where the latitude is higher and the humidity of the air over the 
plains is never great, the annual range of temperature at places on the plains is higher 
than in the North-Western Provinces ; while, in the bills, there is much less difference. 
The annual variation in the decrease of temperature with height is, accordingly, much 
more distinctly marked in the extreme west of the Himalaya, than it is in Delua Dun. 
The difference of temperatm*e between Bdwal Pindi and Marri is 19-5 degrees in July 
and only one-third as great in December.* On the other hand, in the eastern Himalaya, 
where the air at all elevations up to 9,000 or 10,000 feet, is nearly equally moist, and 
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where the range of tcmpcratui'c, especially over the plain, is much less than in the- 
north-west, the decrease of temperature with height is most rajiid in TchruarA' inul 
March, and least so in June and July. The slow rate of decrement in the rainy season 
is doubtless duo to the liberation of latent heat in the condensation of Ya])Our; this heat 
rendering the atmospheric strata, in which condensation occurs, Avarmcr than they otluT- 
wiso would ho, while the constant precipitation of min prevents the lower strata from 
becoming very much hotter than the rain drops which pass through them, TIic effect of 
the rainy season, in retarding the fall of temperature as we ascend, is distinctly seen between 
Bareilly and l^aini Tal or Bdnikbet, but is not seen between lloorkcc and Cliakriita. 

The great annual range of tcmperatiuc at more elevated stations, especially such 
as lie behind the first snowy range and receive little or no precipitation, causes even 
gi’eator differences in the rate of decrease of temperature with height, hut in the opiiostte 
direction. In January, the difference of temperature between Chaki-iita and Leh is 
24* degrees, hut in July and August it is only 3 or 4* degrees* The greater length of 
the day in summer at Leh, and the absence of cloud to ohstnict solar radiation on the 
surrounding mountain sides, render the summer months at that station, 11,000 feet 
above tlie sea, as hot as they would he, on the southern side of the snowy mountains, at an 
elevation of 8,500 or 9,000 feet. If Gencml Cunningham’s figures for the temperature 
of the Spiti valley are to he trusted, the heat of summer at an elevation of 13,000 feet 
is still more excessive. The relation of this to the greater height of the snow-line on 
the northern than on the southern side of the Himdlayan system is obvious. 

In the following table, the mean rate of decrease of tempemturc in the first G,000 
or 7,000 feet of ascent has been worked out for each month. In the Debra Diin 
group, the lower station is Boorkce and the upper one Chakrata ; in ^ Kmnhun, 
Bareilly has been taken for the lower station, and instead of choosing either 
Nairn Tal or Eanikhet for the upper one, the monthly mean temperatures of both 
places have been taken and assigned to the mean elevation of the two. Tin's was con- 
sidered preferable to taking the figures for either hill station alone, hccanso Banikhet 
appears to he a little hotter than the average of places at the same elevation, and Naini 
Tal is probably somewhat cooler than the average. 


y. J}ecT€tnent of tctuporaturo with height t« the Jlimalogo, 
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In Debra D>in there is a regular annual periodic variation in tlie rate of decrease of 
temperature with height, but in Kumaun, the regular variation is interrupted in July 
and August, when the rate of decrease is slightly I’etarded by the fall of rain, as has 
been explained above. "When the mean for both districts is taken, the regular variation 
from month to month is only slightly broken in August. 

The figures given in the table include not only the decrease of temperature due to 
increase of elevation above the sea, but also a certain diminution caused by an increase 
of latitude equal to about a degree in 6,000 feet of elevation. The change of tempera- 
ture with latitude in the Himdlaya is small, and to some extent masked by the contrast 
between the sunny valleys of the interior and the cool and cloudy outer ranges ; but 
nevertheless it exists. On the plains of the North-West Panjah the temperatui-e falls 
as the latitude increases at a mean rate of about 1*1“!?. for each degree of latitude, 
when corrections are made for differences of height above the sea. Probably much 
the same rate obtains in the western Himalaya at moderate elevations. The mean 
temperatnre of Yarkand, in latitude 39“ N. and 4,200 feet above the sea, appears from 
the observations of Captain Trotter, Tl.Pl., and of Drs. Bellew, Henderson and Scully, 
to he about 64“E. At the same elevation in Kumann the mean temperature is between 
65“ and 66“; and since the difference of latitude is ten degrees, the temperature appears 
to diminish about I'P or 1'2“ for a degree of latitude. There is also a certain variation 
of the mean temperature with the longitude ; 'places situated towards the east of the chain 
being cooler than those towards the west, on acconnt of the cloudiness of the summer 
months. In order to determine the true variation of temperature with height, it is 
necessary to make allowance for these variations in latitude and longitude. The mean 
annual temperature of any place in the western Himdlaya may thus be looked upon as 
a simple function of four quantities — (1) the sea-level temperature at a point taken as 
the zero of latitude and longitude, (2) a constant multiplied into the height of the place 
above the sea, (3) a constant multiplied into the latitude, and (4) a constant multiplied by 
the longitude. Prom the work of the Von Sclilagintweits and the reports of the Indian 
Meteorological Department, fairly trustworthy mean temperatures for about thirty places 
in the Himalaya and Suh-Himalayan zone between the Nepal frontier and the Indus 
can be obtained ; more than half of th^e being given in Table III. When treated by 
the method of least squares, the observations admit of being thrown into the form T = 
78‘6'’ — ■00277A— 1'20 (\ — 29°) — T05 (L— 73’^}, a formula which represents the obser- 
vations with a mean error of about three-quarters of a degree. It ignores, of course, 
the differences of temperature between such places as Almora or Ddnikhet and others 
of equal elevation on the outermost range. The decrement of temperatnre with height, 
when latitude and longitude remain unchanged, appears, therefore, to he 2*77 degrees in 
1,000 feet, or 1° in 361 feet. In the eastern Himdlaya the decrease is more rapid, the 
observations taken at Darjiling and Goalpdra, giving a mean rate of 1“ in 320 feet. At 
great elevations on the tableland, too, it is probable that the temper^iture diminishes 
more rapidly than on the southern slope of the riountains. General Cunningham’s 
observations in Spitx and Kdpshu during the month of September, 1847, give a mean in- 
crease of about 280 feet in elevation for one degree of fall in temperature ; and from the 
observations taken by Dr. Scully on the return journey from Yarkand over the llarakoram 
pass and through Laddkh in September, 1875, Mr. Dlanford has deduced a mean fall of 
temperature equal to one degree in 227 feet.^ 

* Sec ante, page 222. 
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The' isotherms for equal altitudes in the 'Wcstcni nimitlava and Ijaddkh, run fmm 
about N . 84;° W. to S. 84“ E.; hoing, thus, three points less inclined to the parallels of lat itude 
than the general direction of the mountain axis ; hut in eastern Tibet, Kcpal, and Sikhim 
they probably bend to the southward. The mean temperatures of liaithmandu and Darji- 
ling, at elevations of 4,334 and G,912 feet above the sea, appear from the ohscrvalions of 
ten years to he 6T7 and 53'9 dcgi’ccs respectively; hut according to the preceding 
formula they should he GG’?” and G0T“. The mean temperatures of the four station*;, 
Darjiling, Kathmandu, Godlpara, and Sihsdgar, in the eastern llimAlnya and Assam, 
may he represented very accurately hy the formula T™?/’?” — ’OOSl// — 1’33 (X — 2G“) 
— *23(1/ — 85“). In this part of the chain, the temperature decreases at a mean mte 
of one degree in 323 feet of ascent, and the annual isotherms run from K . 80“ "W. to S. S0°E., 
the direction of the mountain axis being nearly duo cast and west. The isolhenns arc 
thus slightly curved, "with the concavity towards the south-west, whilst the gcncml line 
of the mountains is considerably emved in the opposite dii*cction. This is merely 
another form of the statement in page 383, that the highest temperatures chamctcrize 
that part of the chain between the Nepal frontier and the Satlaj. 

Though, on the average of the year, the decrease of temperature, on ascending, is 
very nearly proportional to the height, it has been seen above that this rule docs not 
apply to the individual months. In the cold weathor, the variation is slow up to 5,000 
feet, but becomes rapid at greater elevations ; whilst in summer there is a sudden 
decrease of temperature on entering the mountain zone, and hardly any variation at 
elevations of 12,000 or 13,000 feet. The monthly mean temperatm*cs of the group of 
stations lying nearly due north of Koorhee ; Dehra, Mussoorce, Landaur, Chakrdta, 
Kanam, Kdrdong, Leh and Spiti, may he approximately represented hy parabolic 
curves, the vertex of the pai’ahola being turned towards the axis of height in the summer 
mouths and away from it in the winter. A variation with latitude being allowed for, 
Se 'SformL for the temperature of any place in this ponp will ho T=T + 
a(X~30°) 4-6/i+c/i^. Computing the constants from the ohseiwations of Koorkec, Dehra, 
Chakrata and Leh, the four stations 'with the longest and most trustworthy registers, 
and expressing the height in thousands of feet, u*e get the folloTring formulm:- 

T=57'2° -0-84 (X-30°) -0'3857i -*230/.' 


January... 
Februai-y 
jMarch ... 
April 
;May 

June ... 
July 

August ... 
September 
October ... 
November 
December 


T-62*5‘’-0-98 (X-30=) -rCOA — 14-4X* 
T=73’1 -1-70 (X-30=) ~2'G0ft 
T~84'0 -2-22 (X-30°) -3-33?i +-043/i» 
T=9r6 — 1*48 (X-30°) -4*55^t +'117/i’ 
T=94-8 -0-20 (X-30°) -4-Gl/i +*123//' 
T=89-0 +1-84 (X-30°) -4-80/t +*160/.' 
T=:88-1 +1-05 (X-SU'^) -4-537t 4-*141/i’ 
,r_85-o -1-59 (X-3{)°) -3-3C/i -f 'lOO;,* 
T=77-6 -2-18 (X-SO'O -3-07/* +*059/** 
^,^65-9 -1*53 (X-30°) -0-9G7t -*120/** 
T=57*4 -1*15 (X-30°) +0-002X -•209/i» 


T„ MV and August, there is an increase o! temperature rrith latitude, probahly 
In July ana , heatinc effect of the sun; because, m 

greater than that due to le ^ Himalaya are cooled by the 

these months, the plains o u a neaks little or no rain falls. In ^lay 

copious rainfall, while to the nor o ® ® Tiositive variation of temperature, as the 
nnd June there should, theoreticaUy, he also a positue vanation i . 
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latitude increases j but tbe excess of solar beat ■vrbicli falls on tbe mountains as com- 
pared ^vitb tbe plains of India is all spent in melting the snow that accumulated during 
the winter ; and the temperatoe actually diminishes as the latitude increases. 

The mean temperature of any place below 16,000 feet may be computed by the pre- 
ceding formulse, with some approximation to the truth ; but above 16,000 feet, the 
formulie for some of tbe summer months give an increase of temperature with height 5 
and these are therefore inapplicable. The monthly mean temperatures of places in the 
mean latitude of 32''N., at each thousand feet of elevation, are the follo^ving 


VI. — Computed mean iemperainres in Latitude 32° N., Lonpiifnde 77° to 70° L. 
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3,000 

54-9 

58-8 

66‘8 

76-8 

84-2 

89*9 

88*0 

85*8 

78*6 

70*2 

61*8 

54*9 

725 

2,000 

53-8 

56-8 

641 

73-0 

80-0 

85*6 

83*7 

81*7 

75*5 

673 

60*4 

54*3 

697 

3,000 

52-2 

64-3 

61-3 

69-9 

76-0 

81*6 

79*7 

77*9 

72*6 

64*5 

58 9 

53-2 

GG8 

4,000 

50 2 

61-8 

68-5 

66-9 

72-3 

77*8 

76*0 

74*4 

700 

61*0 

67*1 

51*8 

64*1 

5,000 

47’7 

48 9 

55-6 

64-0 

68-8 

74*2 

72*7 

71*2 

67*5 

69-4 

65*0 

49-9 

61*2 

6,000 

44-7 

45-8 

62-7 

61-1 

65-6 

70-8 

69-6 

68-2 

63*3 

57-0 

62*7 

47*6 

6S*4 

7,000 

41-3 

42‘3 

49-7 

68-4 

62-5 

67*8 

66-8 

65-7 

63*2 

54*7 

60*2 

419 

65-C 

8,000 

373 

38-5 

46-7 

65-7 

59-7 

64*9 

64*4 

63*2 

61*3 

62-5 

47*5 

41*7 

52*8 

9,000 

32 9 

34-5 

43-6 

63-1 

57*2 

62*3 

62*4 

60-1 

69-7 

60-4 

44-6 

33*2 

49-9 

10,000 

281 

301 

40-5 

60 6 

548 

59-9 

60 7 

69*4 

68*2 

48*4 

41*2 

34*2 

47*2 

11,000 

22-7 

2S-5 

37-3 

48-2 

52-7 

67*7 

59*2 

68*0 

57*0 

46*0 

38*8 

29-8 

44*5 

12,000 

IG'9 

206 

34-1 

45-8 

60 9 

65*8 

68*1 

66*7 

66*9 

44-9 

31*0 

25-0 

41*6 

13,000 

100 

15'4 

309 

43-5 

49-3 

64*1 

67*3 

65*8 

65*0 

43*5 

30*1 

19 8 

38*8 

14,000 

3-8 

9-9 

27-6 

41-4 

47-8 

52*6 

66-8 

55*2 

64^*4 

41*8 

25*9" 

14*2 

36 0 

15,000 

—^'4 

4-1 

24*2 

39-3 

46-7 

61*5 

56-7 

54-9 

63*9 

40 5 

21*4 

8*1 

33*2 


It will be seen from Table VI, that, notwithstanding the extreme vamtion in tlie 
form of the temperature cmwe between summer and winter, the mean temperature 
of the year decreases, very uniformly, at the rate of 2’8'’ for 1,000 feet. 

Supposing the uniform rate of decrease, worked out in Table V. to bold good for tbe 
whole southern slope of the North-West Himdlaya, since tbe difference of latitude is ^ 
nearly proportional to that of beigbt, a mean temperature of 50” 3?., equal to that of 
London, would be attained at a height of 9,600 feet, and the annual range of temperature 
would probably differ little from that observed in England. The hill sanitaria, lying 
between 6,000 and 7,000 feet, possess climates comparable, as regards temperature, to those 
of Nice, Mentone, and other health resorts in the E/iviera; all the towns, along the coast of 
Erance and Italy, from Marseilles to Eloreuce, having mean temperatures betiveen 58” and 
60”E. The annual range of the monthly means, at the Himdlayan stations, docs not 
exceed 25 or 26 degrees ; whereas, on the Mediterranean coast, it varies from 28 or 29 
degi’ees at Nice, to 36 or 36 at Elorence and Eome. Nice and Hanildiet have exactly the 
same mean temperature ; but Nice is seven or eight degrees hotter than Eanikhet in July 
and August, and several degrees colder all^ through the winter and spring months, except 
in January, when the temperatures of the two places are nearly equal. 
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At tlio superior limit of natural forest in llic Ilimiilaya, about 12,000 feet above 
tlic sea, tlio mean temperature is probably nine or ten degrees above froexing. Tn tbe 
Alps, a species of pine, 1 ? . cemira, forms natural forests on tbc borders of porj>ctnnl 
snow, wbere tlie mean temperature is several degrees under tbc freezin" point. Tliis ditter' 
ence of habit between the Himalayan and Alpine pines is very curious, and it is diiricuU 
to suggest any reason for it, since the natives of the Himfllaya and Tibet find little 
difficulty in giwmg poplars and fruit trees, in sbcltcrcd situations, np to 13,000 feet or 
highord A mean temperature of 32'" would bo attained at a height of 15,100 feet, 
which is 2,000 feet above the upper limit of culti^’ntcd trees in Tibet. 

Hie zone which has a mean temperature of 32“, in any month, will probably he near 
the lower edge of the snows in that month ; especially in summer, when the light falls of 
snow on the outer hiUs have been all melted away. If the height of this zone ho 
calculated for every month, the highest value obtained will he near the perpetual snow 
Hue. 'With the uniform rate of decrease given in the last column of Table Y., the result 
for July and August, when the snow-line is highest, is about 17,850 feet. Tliis result 
is very much higher than that given in Humboldt’s Asia CentralCy on the authority 
of some of the earliest European travellers who penetrated into the country. General 
Strachey has, however, shown^ that some of these mistook the lower limit of glaciers 
for the line of perpetual snow. The elevations of the snow lino on the Trisul and 
.Nanda Hevi groups of peaks, determined by trigonometrical ohser^’ation from Almom 
in the latter part of 1848, before the winter snows set in, varied, according to Straclicy, 
from about 17,000 feet on the eastern face of each group to 15,500 on the west ; this 
latter was, however, in part probably newly fallen autumnal snow, The conclusion 
from these observations ivas tliat, the height of the snow-line on the “ more prominent 
points of the southern edge of the belt (of snon7 mountains), may fairly he reckoned 
at 16,000 feet at the very least,” The brothers Yon Schlagintweit found that the 
average height of the snow-Hne, on the southern face of the Himalaya, from Hhutan to 
Kash^’, 16,200 feet. At page 72 of General Cunningham’s hook on Ladakh, the 
mean height of the snow-Hne on the peaks north of Simla, determined tngonomctncaUy, 
is given at 16,665 feet, the highest point observed being about 1,000 fwt higher ; ant 
iuMr. Hrew’s volume on the Kashmir territories, puhHshed in lS7o, the eleva ion 
of the snow-line on the outermost zone is stated to he 16,500 feet. The hcig i 
obtained by calculation as above suggested is thus probably a Httle too ^cat, 
comes surprisingly close to some of Strachey ’s observations on EandaHe^u and . 
of Ounma-liam^on the peaks of Kulu. Some observations have recently been made by 
2e Sometoical SnLy officers at Mu^oorcc. to determine the brnght of tbc snow-bne 
on tbe^eato above Jamnotri, but the results have not yet been pubbsbed. 

TforVe ranges north of Indian watershed, wo have not sufficient data to caMato 
^ hPio-ht of the snow-line from temperature observations; but the high 

the in Inly and August show most distinctly 

rt’ittlbe“£r Ln on the sonJrn sid. TbeUmitof perpetiml snow 
'^ti -airps borderin'' on Tibet, especially those which lie beyond tlio Satlaj, is gii en 

Sofa So Lt at least. 1 Gerard, many years ago, and more recen ly. 

Mr S assb'ued an elevation of 20,000 feet to the limit of the snow nr Eupsbu. 

S«a- wb; this limit is so bigb-tbe intensity of solar mdiation m summer^.as 
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already been mentioned; another is the insignificant quantity of snow that falls each , 
winter in these regions, that are almost completely cut ofi from the great southern 
vapour currents. 

The lower limit of the snow in winter is usually about 5,600 feet in the outer hills of 
Kmnaun and somewhat lower in Dehra Bun and the liills north of the Panjdb. While it lies, 
the temperature does not rise mueli above 32“; but it seldom falls iu suficient quantity 
to lie more than a few days at a time. About one year in ten, the snow comes dorna 
as low as 6,000 feet. The lowest level attained in the first half of the present century, 
was about 3,000 feet in 1817 and 1847. In 1877 and 1878, though the snow-fall was 
heavier than it had been for many years, it did not come down much below 6,000 feet. 
A slight fall of snow is said to have been observed at Lahore on the 12th of January 
1874,^ hut no notice of this unprecedented occurrence was taken in the meteorological 
report for that month, and the correspondent who sent an account of it to the news- 
papers may have been drawing on his imagination. 


Athosphbbic Pbesshbe anh Winds. 


One of the most important effects of solar heat upon the atmosphere is, to introduce 
disturbances in its statical pressure relations, these in tmn giving rise to those movements 
of adjustment towards equilibrium that are recognised as winds. The diurnal heating 
and cooling of the air causes certain oscillatory variations ■ of pressure called the baro- 
metric tides, and gives rise to wind movements, such as the land and sea breezes and 
certain moimtain winds that will he described below. The great annual change of 
temperature between summer and winter, in like manner, causes an annual variation 
in the height of the barometer, and sets up those great currents of the lower atmos- 
phere that are called the monsoons. Since-the temperature is constantly changing, no such 
thing as a simple statical distribution of pressure ever exists, though the averages of 
long series of observations may approximate more or less nearly to what a statical 
distribution would he. The air is constantly in motion, either horizontally or vertically ; 
and these movements cause variations of pressure, just as variations of pressure produce 
movements. Cause and effect, as regards pressure variations and winds, are thus so 
intimately mixed up, that it is next to impossible to disentangle them and show their 
relations clearly. 

There can he little donht that both the daily and the yearly inequality of pressiue, 
become less as we ascend® ; and the annual variation, at least, becomes quite altered in 
character at a moderate elevation ; hut, since the barometric variations depend upon the 
range of temperature, which is possibly very great at great altitudes, while at a height 
of 6,000 or 7,000 feet it is less than on the plains, the decrease of thepmssure variations 
with height is not strictly proportional to that of the total pressure. Table YII giTes 
tlie mean monthly pressures at a number of stations, and Table VIII the average daily 
range between 9-30 or 10 a.m, and 3-30 or 4 p.m. The figures for Bareilly, Boorkee, 
Debra, Mussooree (upper station), Bdnikliet, Chalcrdta, and Leh, have been corrected 
for the index errors of the barometers and are thus comparable with each other, except 


' Pioneer (Allahatad), 17th Janoaiy, 1874. 

= This applies only to India and other countries similarly eitnated. 
tion oE pressure increases with the height— See Alisemeine ^rdkunde, 


In Europe and the United States the annual varia- 
hy Haun, v. Hochstetter and Pokomy. 
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in so fav as the different icngtlis of the periods of ohscn*ation rnay cause the avem^’s 
to differ; the others involve an unknown harometer error, "which does not, iiow'evcr, 
affect the i*ange of pressure, cither diurnal or annual. 


VIL — Monthly and animal means of pretft>re at places in the llirtdiaya. 
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]\fgan diurnal and annual ranges of pressure at places in the Uhnahya. 
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The double barometric tide that occurs regularly every day, especially in tropical 
countrie-s, is still one of the least understood of atmospheric phenomena. It has been 
obseLTed at all elevations in the Himalaya to which bai'omcters have been carried, and 
with no considerable difference of phase, ^ though the range and general form of the 
oscillation are not quite the same at different heights. It is thus probably something of 
the natm'e of a wave of expansion and contraction either occurring at the same instant 
through the ’whole depth of the atmosphere or propagated upwards and downwards with 
a velocity equal to that of sound. 

The amplitude of the daily tide hears ' an oh-vdous relation to the diurnal range of 
temperature, for it is greater over land areas than over the sea ; and in Table VIII it is 
seen to decrease pretty regularly from the j)lains up) to stations situated at an elevation 
of 6,000 or 7,000 feet, where the range of temperature is least, becoming greater again 
at Leh, where the temperature range is large. Moreover, on the plains and at Lcli 
there is a well-marked amiual variation of the daily range of the barometer, having its 
maxirnum in the hot- weather months, when the temperature range is greatest, and its 
minimum in the rainy season or in winter. But the inequality of temperature is not 
the only cause on which the observed barometric tides depend ; for their amplitude,' as 
well as then* general form, varies with the season, the latitude and the position of the 
place with respect to the sea and to mountain ranges. 

The observed diurnal movements of the barometric column are in fact made up of • 
several parts, only one of which is directly caused by the alternate heating and cooling 
which the air undergoes every day, though the others are all indirect effects of it, Tlio 
dh’ect effect of heating and cdoling ujjon the pressure of the ah has been more or less 
clearly explained by Espy, Davies, and Kreil ; but it has not yet been sho^vn by stiict 
mathematical reasoning that their explanation accounts for tlie whole of the pheno- 
menon. There is, firstly, witli rise of temperature in the morning, an increase in the 
elastic force of the air, indicated by a rise of the barometer’. But the increased clastic 
force immediately sets up a movement of expansion, either vertically, or it may be, in 
some cases, laterally, by which the pressure is diminished. Tlie actual movement of the 
mercury in the barometer is determined by the difference of these turn a ctions ; and 
consists of a rise at first, up to 9 or 10 a.m., on the average, followed by a fall which goes , 
on imtil some time after the liottest period of the day. It is easily seen that, according 

^ Professor Loomis, in tiie American Journal of iS'eeVnce for 1879, finds tlmt at the top of Mount Washington the daily maxima 
and minima set in three hours later than at the foot, though the difference of elevation hetween the two shdious is only a little orcr 
3,000 feet. This is quite unlike anything that occurs in the Himalaya, and is doubtless due to other onuses than those uhich pioduce 
the ‘diurnal tides. Hourly ohseiuations made in India sliow that up to a certain moderate clfevalion the daily harometric maxima and 
uiiulma arc siiglilly retarded ; hut tiiis Is due to the mountain winds described below. At Lcli, in ttio upper Indus valley, the dmr. 
nal winds cause the morning maximum to occur nearly an hour cailier tlinn on the plaiiis. This will he seen from the following 
table ; — 


Homing 

Height, mat imam. 

Feet, ^ n. yi. 

38 9 35 

307 9 3t 

2,010 9 47 

7,071 10 26 

11,603 8 48 


-Modern phjsical doctrines, founded on laboratory experiments, assume that, in a free atmosphere, anything wore than an 

mfimtesimni increase of pressure uonld beat once relies etl by expauRion upwards. To produce a eensihle increase of clastic force, 

a certain resistance m the upper atmosphere would he reqaired. On this point, see Blonford, \ndian Meteorologistf Tadc-Uenm, 
page 187. 


Anemoon 
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16 21 
16 51 , 

16 29 



Calcutta 

Allahabad 

Ilararibagh 

feimla 

Leh 





Xonxn-WEST HIMAL.VTA. 


r>n:> 


to tills theory, as long as the temperature continues to rise more and morc rapidly, that 
IS, up to 9 A^r., or a little after, the fii-st effect must outn eigh the second, and the haro- 
meter yill use ; hut as soon as the rate of increase of tempemtiirc be-ins to grow Ic^s, 
expansion will prevail and the barometer will fall. Tlic expansion will not celise at the 
jns an w icn the temperatuie reaches its maximum, hut owing to the accumulation of 
mo ion 1 wi 1 go^ on foi some time longer. Thus, there ought to he a haromctric maxi- 
mum about the time of most rapidly increasing temperature and a minimum in the 
afternoon. In much the same way it can he shown that there should he a maximum 

in the m ening, wlion the temperature is falling most rapidly, and a minimum about 
the coldest time of the morning. 


The coincidenee hctwecii the barometric minima and the extremes of temperature 
is usually very far from exact, the barometer in this countn* standing lowest in the 
mornings about tivo hours before the time of minimiim temperature, and in the 
afternoon about an hour and a halfortw'o hoiii*s after tlic hottest time of tlui day. 
This may perhaps he explained on the principle of forced oscillations, that in the 
successive transformations which the energy undergoes, the oscillations approximate 
more and more nearly to simple harmonic W'aves wdlh the maxima and minima separated 
by equal intervals. Tlie diurnal curve of temperature approaches more nearly to a 
simple wave form than that of the solar radiation wdiich falls upon the earth at 
any place; and the double daily oscillation of pressure can he almost exactly represented 
by two waves superimposed. 

At most places in India and the Himalaya, the minimum icnipcvaiiirc of the day 
occurs about sunrise ; that is to say, at 6 a.m. on the aveiuge of the year, and the maxi- 
mum is attained about 2 p.m. The daily rise of temperature, therefore, occupies only 
eight hours of the twenty-four, and the fall the remaining sixteen. On the principle 
that the height of the barometer varies wdth the rate of change of tcmpcrahire, tlie 
morning maximum should he much more decided than that of the evening; and this 
is found by observation to ho the fact ; especially in the interior of India and other 
continental countries. Over the sea, in tropical regions, the periods of increasing and 
decreasing temperature are probably more nearly equal ; and there, the difference 
between the day and night waves of pressure is less. 

At places near the equator, the epochs of maximum and minimum pressure hardly 
vary from month to month ; hut in higher latitudes, the morning maximum and after- 
noon minimum approach each other when the days arc short, aud become more widely 
separated in the long days of summer. 

Besides tliis primary oscillation of pressure, caused by the heating and cooling of 
the air every day, the barometer indicates other changes, duo to the transfer of air, by 
winds blowing to and from the place of observation ; and perhaps also in some places it 
indicates other changes again, due to the repetition of previous oscillations in the form 
of free waves: The great regularity aud considerable raugc of the haromctric tides 
over tropical seas, where the daily range of temperature is small, may he thus to some 
extent caused by the repetition of the waves of previous days. In high latitudes, 
where the days and nights are usually of very unequal length, and the variation of 
temperature is irregular, the tides become fainter, and near the pole disappear altogether, 
for in forced vibrations of any kind, regular periodicity in the cause is an essential con- 
dition. 
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Near the coast, tlie land and sea breezes modify tbe form of tlie diinnal pressure ^ 
curves, both at sea and on land. The transfer of ah from sea to land during the earhcr 
hours of the night renders tho nocturnal fall of pressure on land less, and at sea greater 
than it rvould otherwise be; wliile the land breeze, which blows in the forenoons, has a 
similar effect in the opposite direction. Over the water, the morning minimum thus 
comes to he nearly as low as that of the afternoon. Among the mountains, a very 
similar semi-diurnal transtence of air takes place, causing two distinct types of haro- 
metric tides, —the one characteristic of vaUcys and the plains near the mountain 
system, and tho other of high ridges and detached peaks. These types can he readily 
distinguished in the following table, which gives the variations from the daily mean ‘ at 
the horns nearest the turning points of the tides : 



■ 4 A. JI. 

10 A. 31. 

4 P. 31. 

10 P. M. 



P 

P 

» 

B.m-eilly 

—•021 

-{-•060 

—•047 

+*008 

Iloorkee 

— -020 


— 

1 

1 

Raiiikhet 

—'025 

-{-•Oil 

—•018 

+ •013 

Nami Tal 

CO 

0 

1 

-{-•0-13 

—•012 

—•003 ' 

Cliakrata 

—•023 

+ *084 

— -OlO 

—'001 

Simla- 

—'018 

+ •002 

1 

o 

+ •020 

Leb 

... -{'■Oil 

+ •037 

—•049 

+•001 


At Bareilly and Eoorkee, on the plains, the variation from the mean at 4 p,m. is 
tvnee as great as at 4 am . At all the Himdlayan stations except Leh, -which is in a 
valley between two ridges, tins relation is reversed. Over tbe plains and on the outer 
hills, as at Naini Tal and Cliakrdta, the pressure a,t 10 p.m. hardly differs fi’om the mean 
of the day. There is a small positive variation for tliis hour at Bareilly, and as we 
recede from the mountains and approach the sea, the variation becomes greater; but 
there can be little error in concluding from the above table that along tbe southern 
border of tbe Himalaya tbe pressure rises in the evening just sufficiently to touch the 
mean. At Simla and Bauikhet, some thirty or forty miles in towards the centre of' 
the mountain system, there is, however, a well-marked evening maximum. Tliis seems 
to indicate that the ah continues to accumulate over the interior of the mountain zone, 
for some time after the cm’rent has changed on the outer ranges, and tlie ah has com- 
menced to flow hack towards the plains. 

The transfer of air from the plains to the mountains in the daytime and its re- 
transfer to the plains at night, which, by partly counterbalancing the afternoon faU 
of the barometer in the mountains and correspondingly increasing it on the plains, cause 
the peculiarities of the pressure variations seen in the preceding table, arc brought about 
by tbe expansion and contraction of the ah under the influence of heat and cold. In 
the daytime, the ah over the plains expands more than that over the hills, because the 
total thickness of ah is greater and the range of temperature is probably liigber. The 
surfaces of equal pressm-e, which we may assume to he horizontal on the average, are 
thus raised more above the plains than on the mountains ; and the air, imder the in- 
fluence of gravity, flows down the incline towards the mountains. At night, tbe ah con- 

' The means adopted are those of observations at 4 and 10, a.m. and F.si. 

ri,' 1843—45. Tbe daily range given bj’ these figures is neatly twice as great 
as that of the othei stations at the same altitude. The reason is iirobably some difference in tbe form of the barometer oi m 
the mode of applying the conection for capillarity. 
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tracts, and tlicsc surfaces sink more above the open plains Hum in ibo lulls ; and tbrn? is 
thus a slope or gradient in the opposite direction. 

. following is Gencinl Strachey s description of the diunial variation of the 
wind in Knniaun : — 

At most seasons of the year, wo find that, on the dlimnlayan slope, winds Idnw up 
the valleys during the day, that is, from about 0 A. 3 r. to 9 r. 3 i., and down them during 
the coiTcsponding hours of the night, or from 9 r.:M. to 9 a.m. At the debouches of tlu- 
principal stieanis in the plains, these night winds blow downwards with creat violence, 
particularly in winter. In the interior of the mountains they arc more nuulomte ; and 
at gicat elevations, and in the central parts of Tibet, tlic nights ai*c almost always nearly 
calm. The diurnal currents from the south, on the other hand, increase in foivc as we 
ascend in height ; and along the Indian watershed and the ncighhoiiring parts of Tibet, 
they are excessively strong ; so that, in travelling there, I have often looked forward to 
the afternoon, when they are at their height, with real dread ; and the natives of the 
country invariably endeavour to cross tbe higb passes of tlic Indian 'watersbed eajOy in 
the day, for tbe purpose of avoiding the fury of tbe afternoon wind. As we advance 
fiu’tber into tbe tableland, bowever, tboii* power rapidly ceases. 

“ These winds, though, on the whole, blowing from tbe south-west during the day 
and from the north-east at night, that is, perpendicular to the general line of the 
mountains, are naturally constrained to follow the course of the deep valleys up which 
they pass, so that their direction is subject to endless local variation; and c.xcopiing on 
the tops of the bills, little information can be obtained by a register of the direction of 
the nind on the Himalaya, beyond tbe fact of tlioro being an up or down cnn'cnt. In 
the part of Tibet I visited, near the Indian w’atorsbcd to the noilb of ICiimann, the 
day %vincl seemed to commence in the south-east quarter about 9 a.jl, and gradually to 
shift round with the sun as the day advanced, ending in the soutli-wnst quarter about 
9 P.M- On several occasions in these localities, I also noticed the wand blowing faintly 
fi’om the north early in the morning. 

" The calm nights of the tableland and tbe higher mountains w'onld [according to 
the theory above stated] be a consequence of their position in the centre of the mountain 
area, where the dow'U ciuTcnt avouIcI originate, and therefore have the least force, though 
it be s till felt in the faint northerly Avinds that are often observed near the Indian 
watershed. 

■ The violent night winds from the gorges by AA-bich the principal rivem leave the 
mountains would not appear to be altogether due to tbe same cause which produces 
the ordinary doAvn Avinds, but to tbe accumulation of cold air in the deeper valleys to 
wdiich I have before alluded. The air collected in these aerial lakes, as they may be 
cahed, having no means of escape but tbe openings through Avbicb the dininagc is 
carried off, poui’S from them in a current the velocity of avMcIi aaUI be dependent on the 
depth and area of the mountain basin from avWcIi it floAvs.” 

General Cunningham also states that, in Ladakh and Spiti, the southerly or south- 
Avesterly day AA^ind usually begins about 9 a.m., tbe wind blowing faintly from the north 
about midnight and fi’om the north-east in the early morning. 

The dav and night Avinds are probably strongest about 4 p.m. and d- a.m, ; and the 
pressure and temperature obserA'ations, made at these hours on tlic plains and at tbe 
hill stations, indicate, clearly enough, that the direction of tbe baric gradient is from the 
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plains towards the moimtams in the afternoons, and from the mountains tovrards the ' 
plains in the mornings. When the pressures of Eoorkee and Bareilly at 4 a.m. arc 
reduced to the level of Ohala*ata and Eanikhet respectively, and are corrected for any 
residual gradient to or from the mountains, discovered hy similarly reducing the mean 
pressures to the level of the hill stations, it is found that there is a pressure difference of 
•077" at Chaki'ata and *055" at Eanikhet, sending a wind towards ' the plains. At 4 p. 3 i. 
the gradient is towards the hills, and is equal to *062" at au elevation of 7,000 feet, between 
Eoorkee and Cliakrdta ; while between Bareilly and Eanikhet it is equal to *015" on the 
average of the year. On the southern border of the mountain zone, the gradient causing 
the down wind at night is therefore rather greater than that which causes the up 
wind during the day. 

When the pressm’es of Eoorkee at 4 a.m. and 4 p.m. are reduced to the level of Leh, 
a station beyond the Indian watershed, the gradients are found to he *033'' in the 
morning and *182" in the afternoon. The pressure difference causing the day wind at 
great elevations thus appears to he nearly six times as great as that wliicli causes the 
nio-lit ivind : hut this relation is much exaggerated, no doubt, by the T)cculiar form of 
the pressure variation at Leh, which cannot he taken as a typical mountain station. 
This peculiar variation is doubtless due to the position of Leh in a narrow valley between 
two parallel mountain ranges. In the daytime, the air of the valley expands and flows 
towards the mountains, and at night it again accumulates over the valley. In this way 
the nocturnal barometric tide is completely obliterated during several months of the year, 
and the afternoon fall of the barometer is rendered much greater than it would he on 
an open plain or detached peak at the same altitude.^ 

In April, May, and June, the afternoon winds of the mountains blow with greatest 
violence, because in these months the range of tomperatm'e both on the plains and among 
the mountains is greatest. In these tlnee months, we find the aftemoon fall of the 
barometer on the plains at a maximum ; while, at" the hill stations, it is less than in the 
cold weather. The nocturnal inequality of pressure is then at a minimum on the plains 
and valleys and at a maximum on the hills. 

The annual variation of pressure differs from the diurnal in that no part, or aii 
exceedingly minute part of it, is due to direct increase or decrease of elastic force accom- 
panying gain or loss of heat. The rise of temperature in the first half of the year and 
the fall in the latter half are accomplislied so slowly, that the increase or decrease of 
elastic force cannot accumulate, hut is lost in expansion or contraction. The annual 
variation is thus almost enthely a secondary effect, due to the movement of air both 
vertically and horizontally. When the temperature of the air over India changes, the air 
expands or contracts, and the hypothetical surfaces of equal pressure widen out or come 
closer together than they were before ; and since the annual variation of temperature 
over the south of India is very small in comparison with' that which occurs over the 
northern plain and in Central Asia, the vertical range through which these sm*faces 
travel in the course of a year null he greater on the Himalaya than under the equator. 
In the cold weather, for example, the planes of 30, 29, 28 inches, &c., are wider apart 
vertically over Ceylon than in Northern India, while at the end of the hot season, and 
in the rainy season, the opjiosite relation obtains. 

If there were no lateral movements of the air, the pressure at a station on the plains 
n onld he nearly constant all the year round ; while, at the hill stations, it would he least 

' See ante, page 375. 
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in winter and greatest in summer ; bccnufc, in the latter ?cn':Dn, n Ini'ircr finclion of tlu* 
total atmospliere tliaii usual would he elevated nhove the place, wliilo in the ivinter les.s 
than the average would lie above it. In winter, however, the planes of equal jin>’<ure if! 
the upper regions of the atmosphere over India all slojKf towards the north, and down this 
slope 'Winds blow, causing an accumulation of air over Northern India which ivnth'rs tiie 
total pressure ohsorved on the plaius, at that season, greater than in sunuucr. As regtwds 
mountain stations, it depends entirely on the height of the place, whether the ijiflux of 
air from the south will he more or less than sufiicieni to compensate for the of>fitniciio)i 
and sinking of the atmosphere in m'ntcr. At all the hill stations in Table VI f, above 
5,000 feet elevation, there arc indications of a winter minimum of pressure, though this 
is not the lowest minimum, except at Teh, the most elevated station of all. Thcrt>, the 
pressure is least iu the beginning of Fehruary ; whereas, at all the other stations, as on 
the plains, it is least iu June and July. 

Turing the cold weather, winds arc usually hlouang out from Northern India 
towards the south, along the surface of the groimd, at the same time that other 
currents are hlowing northward in the upper stiuta; the apparent direction heiiig 
modified, in either case, hy the rotation of the earth on its axis and by friction against, 
the ground surface. On tlie plain of the Ganges, the conformation of the siu-faec makes 
the lower winds have a north-westerly direction. 


As the temperature’ rises, tlic air over India expands, and a larger and larger propor- 
tion of the total atmosphere is lifted above the level of tiic hill stations. In conse- 
quence of this, the barometer at fii'st rises at the higher hill stations ; and it simul- 
taneously sinks over the plains and the lower hills, o-wing to the outward movement of 
the air. As the season advances, more and more air is removed from India by the 
strong day winds, which blow in the hot weather, as well as hy the winds over the 
Indian watershed that have hcen already described, while hut little is restored hy the 
feeble night winds that come from the opposite quarters ; the barometer continues to 
fall over the plains, and the rise observed at the hill stations in spring, is soon also 
- changed to a fall; except at Lcli, where the barometer continues rising until the 
' he'^'inning of May. In the upper half of the atmosphere, that is, above the plane of 15 
inches pressure, the summer depression of the barometer, which at Lch is less decided 
than that of winter, probably disappears altogether, and the barometer stands highest 
iu the hottest season as it would do at all elevations, except the lowest, if there was no 

transfer of air from place to place by lateral currents or winds. ^ 

"When the temperatm-e of Nortliom India is at its maximum, in the latter halt oL 
June the planes of equal pressure are widest apart, and they all slope towards the north 
■ in the lower half of the atmosphere. Winds consequently blow m from the sca^ towards 
the land in the lower stmta, and there are possibly upper currents in the opposite direction ; 
thouo'h the existence of such has not yet been established. This relation continues 
until" the autumnal equinox ; after which the tempomture falls rapidly and the atmos- 
where contracts and sinks so as to reproduce the conditions chamcteiistic of the co 
Lather. The cooling of the air at this season, like the heating of it m spring, produces 
a differential effect on the height of the barometer at the hiU stations, w hicli, again, lai c 

a maximuTU of pressure in October or November. ^ i ^ 

Wl-on the effects of the hro actions ahore dcscribca-the espans.on and contact.on 

of the ataospheve TcrticaUy. and the lateral transtcrcnco of air hv nmds-arc home m 
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mind, some curious and at first siglit inexjjlicable peculiarities of tlie annual variation oE 
pressure become intelligible. Por example, ou the plains the barometer almost invari- 
ably stands higher in December than in January, though January is the colder montli 
of the two. This anomaly at once disappears when we remember that the total pressure 
of the ah’ on the x^lains, considered statically, is made up of two parts — that of the air 
from the j^lains up to the hill stations, and that of the air lying above the hill stations. 
The latter part appears from the observations of lieh to he greatest in the last fortnights 
of April and Octoher, and least in the beginning of Pebruary and the end of July ; and ’ 
if the monthly means for any station on the 'plains or lower hills he subjected to harmonic 
analysis, the annual variation will he found to he very closely represented by two 
harmonic waves — one of annual period, reaching its maximum at the time .of greatest 
cold in the beginning of January, and the other of six months’ duration, nearly coinciding 
in phase with the pressui'e variation at -Leh. The am^ilitude of the first of these 
undulations, which is as much as six- tenths of aii inch at^ some places on the plains, 
rapidly diminishes as we ascend, and passing through a zero value, at about 10,000 feet 
elevation, re-appears at Leh in nearly the opposite phase, the minimum falling in 
mnter. The amplitude of the half-yearly oscillation increases slightly as we ascend ; 
hut it appears to vary with distance from the plains in a horizontal direction as much as 
with height. The observed pressure on tbe plains, being due to the superposition of the 
two waves, is highest in December — tbat.is, between tbe dates when, each wave sepa- 
rately attains its maximum. 

The truth of- this theory of the annual change- of pressui'e may be more clearly 
seen from Table IX, where the monthly variations of the barometric weights of tlrree 
successive strata of the lower atmosphere from their annual mean values are compared 
with the simultaneous variations, of temperatiu’e. The last double column gives the 
variations for the whole thickness of the atmosphere from the plains up to 11,500 feet 
above sea -level. 


U* Annual variaiion of presstire anil iemjperatnre hi ihe lower ainiospheric strata over the Hhndlaya. 
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It is evident irom the table that the barometric weight of each stratum, and of 
the whole thickness of air between the plains and Deh, varies inversely with the tem- 


' From the average of the three stations— Eoorhcc, Chnkrdta, and Lch, ■ 
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c!ch otbcr^ ‘'''O «rj- DOMly proportionnl to 

fn frll'tw tl*° ot pressure, obscn-eil at tlio hill stations, is cine 

to exactly tl,c same causes as the single oscillation on the plains, may perhaps he 

bettei seen l;y reducing the mean monthly pressure oC Itoorkco to the clei-ation of each 
of the hill stations m succession. In Table X this has been done according to the 

formula log p.=ilog jp — . 




L_. The mean 

<j0>3G0je-(l + -0028 m2X), {1+ tt(M2)} 

lieiglit H, adopted in tlic factor for correcting tlic acceleration of gravity, is 8,000 feet, 

and tlic mean latitude X lias liccn taken to be 32*. The reduction to the* higher levels in 

Table S has been carried out in successive stages, — lloorkec to Dclim, Debra to Ciiakritn, 

Chakrdta to Lcli— and in each of these stages the mean tempcratiU’C, pressure, and vapour 

tension of the air (f, and/) have been taken to be the arithmetical means of the" 
observations at the top and bottom. 


X . — Comparison of compulcd toii/t observed pressures a{ the Hill Stations, 
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The differences in the table to some extent no doubt represent real baric gradients ; 
but they must also be partly due to unknown errors in the assigned elevations of the 
stations, diSereuces in the period of observation at the several stations, difFcrcnccs in the 
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.methods of finding tlie daily mean, and inaccni-acies in the assumptions underlying tlie 
barometi’ic formula/ It is noteivorthy that at aU the stations the differences hare opposite 
signs in the cold weather and the rainy season respectively, the pressures computed fiom 
the Boorheo observations having the cold weather minimum more and that of the hot 
weather less distinctly marked than those directly observed at the lull stations. 

In the last column of the table, the pressm'e has beon'roduced to 18,500 feet atovo 
sea-level, the monthly mean temperatures of the stratum of air lying between Leh and 
this elevation being supposed equal to the temperatures given in Table YI opuosite 

15.000 feet. The iwessnres, thus calculated, arc lowest in the middle of the cold u'eather 
and highest in the rainy season, very nearly as they ought to he according to the theory 
developed in the preceding pages. There is, however, an excess of pressure in the latter 
half of the year, comparable to that observed at Leh, where the autumn maximum is 
sbghtly liigher than that of spring; which is not easily accounted for. It may ho merely 
the result of au error in the assumed i-ate of decrease of temperature ; and, on the whole, 
we may fairly conclude from the table, that in the upper half of the atmosphere over 
the Himalaya, the pressiwe is highest in summer and lowest in winter. An important 
step towards the solution of this and many other problems of meteorology would be the 
establishment of an observatory for one or two years at some point in Pvfipslm, over 

16.000 feet above the sea, and yet easily accessible from a peimancntly inhabited 
village. 

The annual variation of the wind in Northern India is, for the most part, such as 
should accompany the pressure variations above described, according to the usually 
received “convection current” theory; hut there is one important feature of the 
vdnds of the plain, that has not yet been satisfactorily cxifiained — namely, the prevalence 
during the hot weather of strong north-westerly winds when the distribution of tem- 
perature and pressure are frequently such as should, by the theoiy of convection cur- 
rents, give rise to winds with a southerly element. These “ winds of elastic expansion,” 
as they have been called by kir. Blanford, actually blow sometimes from places where 
the mean pressure is low to others where it is slightly higher^. They are the strongest 
vinds of the year on the Indian plain; they blow only in the daytime ; and since there 
• is no compensating current of any appreciable strength at night, they ‘ are probably the 
cliief agency in that removal of air from Upper India which causes the great summer 
depression of the barometer. They arc not confined to India, hut are equally chai’ac- 
teristio of Afghanistan ; and Colonel Prejevalslcy encountered winds, perfectly similar in 
everything exeex^t temperatiwe, in various x^arts of the Gobi desert and on the Alashdn 
plateau north-east of Tibet. On the southern slope of the Himalaya, these winds are 
sometimes met with up to elevations of 6,000 or 7,000 feet, and when they blow the air is 
unusually dry and full of dust. At greater elevations, however, they are either not felt, 
or become undistinguishahle from the ordinary up currents that blmv during the day. 

^ When, all these sources of en‘or are ns far as possible corrected, there is still a residue ivhich points apparently to a 
carious accumulation of air over the outer ranges of the Himalayas, first noticed, I believe, by Mr, J. Eliot, \7hen the ine.an 
pressure of any Himalayan station, except Eeh, is reduced to sea-level, tho result is always higher than that given by a neigh- 
bonring station on the plains, and this result is independent of Iho season or the direction of the wind. 

It does not follow, of course, that the wind blows in opposition to tho well-hnown laws of hydro-dynamics. These winds 
blow chiefly in the afternoons when the pressure is falling rapidly, and when, therefore, tho pressure is higher on tho western 
than on the eastern side of India, though the mean pressure may be uniformly distributed. The velocity of tho wind has 
apparently but little relation to the pressure gradient, which is always very small. 
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IVom the preceding tabic it is seen that, tlioiigli the change oi the prcvauing Avinu 
from norfcli-wcst to east or soutti-cast, at tlic commencement of ibc rains, is very dislinct- 
ly marked on tlie plains, no such cliange takes place at the hill stations. Even at the 
lowest of these, Dehra, the resultant wind varies only from about three points north to 
the same distance south of west. At all the higher stations, the prevailing direction in 
cvei7 month is southerly or south-westerly, with modifications depending on the form 
. of the ground, —at Naini Tal, for instance, the winds are generally soutli-easlcrly. The 
. only notable variation of the wind direction is a deflection towards tbc east at Chaknlta 
(also at Simla, Marri, and other stations on the north-western Eirndlaya) at tbc time 
when the winter snows and rains arc heaviest. The cause of this has not yet been 
ascertained ; but it is probably an indication of a cyclonic movement of the air in tbc 

Panjab, extending to a height exceeding 7,000 feet. 

The wind direction at the hill stations changes so little from month to montb, 
because tbe winter monsoon is of no great vertical thickness, while that of the summer 
months extends to a much greater elevation than tbc highest station at ndiich obscrv- 
ations haTB 1)0611 made, men northerly or north-westerly winds arc blowing on tlio 
plains, the retin'n current from the sonth-west is felt on the mountains at all elevation.s 

ahoTC the fii’st few thousand feet; and when southerly winds blow over the plains, the 

return oniTent, if it exists at all, Hes at a very great atUtndc. 'Ihe existence of this 
return current from the north, during the summer monsoon, may po.ssilily ho proved liy 
cloud observations. Dr. Scully’s observations on tbc way back from ^ ”* 

August, 1875, tell neither for nor against it, tbo resultant of aU tbe wind directions 

observed at elevations above 11,000 foot being duo west. 

In the next table, the vertical thickness of each monsoon current on the Himalayan 
slope has been computed, approximatoly, from observations made at pairs of hill s .a.ions 
in the norOi and south of India. The norlhcm stations are Eoorkce and Cliakiaia, .and 
the southern ones, Colombo and Newera EUya in Ceylon. To render the figi^s dircc. y 
corpamhle, the observed pressure at the hill stations have been reduced to the e mmon 
elevation of 7,000 feet, and those of the lower stations to sca-lcve , as w^s done by 

irElanforAi; drawing up a similar table in the Fode 

page 175. ‘ 
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X/J, — Veriical iJnc?ines6 of the monsoon currents. 
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At 7,000 feet eleyation, the pressure gradient in both seasons is such as to send a 
current from south to north ; while, at sea-level, it is only in the -winter season that the 
wind blows from north to south. The neutral plane separating the lower -wind ciurent 
from the supposed upper return current is nearly 16,000 feet above the sea in the height 
of the rainy season ; but in the cold weather, especially in J anuary and Pebruaiy, the 
neutral plane is below the level of the hill sanitaiia. 

The heights in the table represent only the approximate^m ean positions of the neutral 
plane for the several months. In reality, its height is constantly fluctuating, and thus 
in the winter season it often sinks so low as to strike the Indian plain hclow the base of 
the hills. A moist easterly or south-easterly current then blows for several days at a 
time in Upper India, bringing the winter rains, while in Southern India the wind may 
be northerly.^ The direction of the "wind on the plains is, however, always 

northerly in the cold weather, in accordance -with the m ean position of the neutral plane. 

The pressure gradients both at sea-level and at 7,000 feet are much greater in sum- 
mer than in winter. In the latter half of October and the beginning of November, there 
is hardly any gradient either way ; and, at that time, feeble winds and calms prevail. 
The velocity of the -wind being directly proportional to the baric gradient, (except 
perhaps in the case of anomalous currents like the “ -winds of elastic expansion” wMch 
blow down the valley of the Ganges in the hot weather), this velocity should he greater 
in the rainy season than in winter. 


XIIL — 'Monilily mean velocity of wind in miles per diem. 
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388 


^ Mr. F. Cbambers {^Nature, VoU 23, page 400) attributes tbo rrinter rains to cjclones entering tboFanjub from the rrest. 
It seems highly improbable that a cyclonic distuibauce could cross the Hindu Hush or the Sulaiman range ; but supposing it 
rvere to do so, the winds in its southern and eastern border must bo fed by descending currents in the region of high pressure 
separating the cyclonic area from the region of low pressure near the equator; and the winter Tains would thus still bo due 
to the vapour brought by the upper current. 
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(Table XIII sliOTTS that on tlie plains anti at Unniklict arnl (for 'which stations 
more obsen'alions are requii'cd to get a good aTcrago}tlic \vitul velocity is least in "winter ; 
hut that, at Chakr/ita and Dclira, it is least in the I'ains. At these stations on the outer 
border of the mountains, the uantls arc- chiefly of the diurnal kind, and arc U’cakc.st 
when the tcmpcralurc range is least — ^that is, iii tl»c month of Angtist. 


UtriiiniTY A^*i) ClotjI). 

,Tlie quantity of water vapour, present in the air at any time, is a most important 
meteorological conditioii. It depends on the Icnipenitiirc, the distance from the sea or 
other evaporating surface, and the direction of the wind. These relations arc very dis- 
tinctly marked on the Korth Indian plain, where the high tempernture range in the 
yearly period and the semi-annnal change of the irinds coinhinc, to vender the proportion 
of vapour in the air, during July and August, nearly three times as great as in llcccinhcr 
and January. A high tempcratiun cannot, of eour.se, increase the qiiantily of vapour in. 
the air, unless it he in a region where vapour is being generated. Accordingly we find* 
in Table XIV, thatihe vapour pressure at Hoorkce, on the drier part of the plain, hardly 
varies from December to April ; though, as soon as the sea winds set in, which they some- 
times do in the middle of May, the proportion of rai^our rapid^V increases. At Jlarcilly , 
where the surrounding country is moisfer and better wooded than at Roorkee, there is a 
slight increase of vapoiu* in the hot-weather months. 


XIV.-— Monthly mean tension of aqueous vapour al places in the Uimnlapa,^ 
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On tlie soutliern slope of tlie mountains, the annual Tariation of vapour tension is 
similar to that Tvhich obtains on the plains ; though, because of the considerable evapor- 
ation from the forest-covered slopes, and the occasional shoTvers of rain Tvhich fall, the 
increase of vapour during the hot weather goes on much more uniformly than on the 
plains. At Leh, where hardly any precipitation occms at any time of the year, hut 
in the neighhom'hood of which place there is some 'cultivated land ixTigated from the 
liill streams, the annual variation of vapour tension is determined almost entirely hv the 
temperature. In the valley of Yarkand, the quantity of vapour in the air is simihrly 
determined by the temperatm’e and the extent of irrigation. 

In the mountains, the mean vapour tension decreases very rapidly with the height, 
on account of the rapid decrease of temperatui*e as we ascend. If Dalton’s law, that in 
a mixture of gases or vapohrs, the pressure of each is the same as if it tilled the whole 
space alone, were applicable to the atmosphere, as is sometimes supposed even yet, then 
the pressure or tension of vapour ohseiwed on the plains ought to he reduced one-half, 
on ascending through 29,000 feet ; but it is found by observation, that a vapour pressure, 
equal to half that observed on the plains, is attained at an elevation of 7,000 or 8,000 
feet. This was pointed out by General Strachey in the Proceedings of the Royal Society 
for March, 1861, where he has shown that the observations of Mr, M’’elsU in balloon 
ascents, those of Dr. Hooker in Sikhim, and his own observations in Kumdun, (most of 
which are included in Table YIV), make it perfectly certain that the proportion of 
water vapour which exists at any given elevation is determined, not by Dalton’s law, 
hut simply by the temperature. The vapour raised from the earth’s surface is con- 
stantly diffusing upwards, and would • go on doing so until it attained the state of 
equilibrium represented by Dalton’s law ; hut the temperature falls so rapidly as the 
height increases, that saturation point is reached and the vapour is partially condensed 
into cloud or raiu, long before the barometric equilibrium is attained. 

In the third column of Table XV, the figm'cs given in the previous table have been 
compared in a manner suggested by Strachey. The tension of vapour at sea-level under 
Kiimaun and Garhwal has been computed for each month, by multiplying the mean 
of the observed tensions at Hoorkee and Bareilly into the ratio betw'een the tension of 
saturated vapour at the sea-level temperature and that of satiwated vapour at the tem- 
perature of the plain ; that is to say, the temperature, is supposed to be corrected for 
elevation above the sea, while the degree of saturation remains constant. The figures in 
Table XIV have then been dmded by the corresponding tensions at sea-levcl ; and the 
average of the fractions, for all the months, has been calculated for each elevation, 
linally, from these results, the ratio of the tensions, at each even thousand feet above 
the sea, has been, found by interpolation. The second column of the table gives the results 
of Sir Joseph Hooker’s observations in Sikhim compared with those afterwards taken at 
the meteorological observatory of Godlpara near the foot of the hills, and the fourth 
column has been computed from the observations in General Cunningham’s Xaddk and 
those taken by Dr. Scully on the way hack from' Yarkand in 1875. The latter have been 
published in the present volume of these Memoirs, pages 233 to 216. The base station for 
the Kashmir group is Bawal Piudi. The figures opposite 7,000 feet, in the second and 

fourth columns, are derived from the monthly means of the Darjiling and Mam obser- 
vatories. 
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Tlie mean of all three sets of observations probably represents very closely the 
actual diminution of vapour pressure on ascending in the Uimalaya. It decreases v'itb 
more regularity than cither the Kumaun or Kashmir series of obsoiTations alone, and it 
agrees very closely with the scries for SUchim, where the relative humidity, or percentage 
of satruntion, varies much less than in the western Himalaya. Tiic last column of the 
table but one, gives. a seiies of ratios, calculated on tbc assumption that tlic degree of 
humidity is the same at aU elevations, and that the tcmperatiu’c of tlic soutlicni slope of 
the Himalaya decreases at the mean rate above found — one degree in 301 feet. This 
series agrees very closely with the average of the results given by observation ; ibougb 
from 2,000 to 11,000 feet the calculated ratios arc all considerably less than those observed 
in Kumaim. During the hot-weatber months, tlic degree of saturation on tbc iilains 
below Kumdun falls exceedingly low; wliilo, on the bills, as has already been stated, the 
au’ remains much moistcr; at Debra, for example, tbc vapour pressure in Slarcb, April, 
May, and June is greater than at Pvoorhcc, owing to local evaporation. Tims, on the average 
of the year, the relative humidity of the air in the Kumdun bills is considerably greater 
than over the plain. On the other hand, the observed ratios from 11,000 feet upwards 
are less than those given by calculation, bec;iusemostof the observations at these altitudes 
were made at places lying behind the snowy range. 
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In tlie last column are gipen the ratios calculated hy the loganthmic formula, 
loo.^ = log P— 7^-^ 23058, where 7ns expressed in feet. Dr. Julius Hann, in an article in 
the Austrian Meteorological Society’s Jouimal for 1874 page 193, has deduced from ail 
the avaUahle ohserrations on mountains and in balloons, a similar formula, in which the 
numerical constant is 6,517 metres, or 21,380 feet. On the assumption that the above 
formula holds good to some distance beyond the limits of oliservation, we find that, at an 
elevation of 23,000 feet, or about the arerage height of the snowy peaks, the quantity of 
vapour in the air is only one-tenth of the quantity at sea-level. The extreme dryness 
of Tibet and Daddkh is thus easUy accounted for. 

The logarithmic formula has the advantage of enabling us to calculate approximately 
the total quantity of vapour in the air at any time, hy an application of the integral 
calculus. Using the generally received values for the density of water vapour and its 
co-efficient of expansion hy heat, and extending the integration to an infinite height 
above the ground, it is found that the depth of water that would he formed hy the 
complete condensation of the vapour over a given area, is almost exactly three times the 
height of the mercurial column which measures the pressure of the vapom at the 
bottom. In the rainy season, for example, when the pressure of vapour over the Indian 
plain is equal to about an inch of mercury, the complete precipitation of the vapour 
would yield only three inches of rain, that is, less than the quantity which sometimes 
falls in two or three hours. A continuous downpom*, amounting to fifteen or twenty 
inches, such as frequently Occurs in India, must he fed hy a powerful indraught of moist 
air. 

The relative humidity of the air is probably greater at aU elevations on the Hima- 
layan slope, than either on the plains or on the Tibetan plateau beyond the Indian 
watershed ; and it is doubtless greater on forest-clad slopes and valleys, than on steep and 
hare mountain sides. On a high ridge, too, which intercepts and deflects upwards the 
prevailing south-west winds, thereby cooling them and partially condensing their vapour, 
the degree of saturation. is greater than on the lower ridges or valleys behind it; for the 
air, in sinking after crossing the high ridge, is warmed and rendered capable of absorbing 
more moisture than it has heeu able to retain in crossing the ridge. Tims Naini Tal, 
independently of the influence of the lake, is always much moister than Hanilchet or the 
notoriously dry and hare station of Almora. The registers of the meteorological obser- 
vatories do not, however, illustrate tliis very well ; for, at several of them, observations 
have only been taken in the daytime, when the relative humidity is below the mean ; 
and the humidities recorded at the old observatory of Nairn Tdl are quite untrustworthy, 
and.in many cases impossible. At Hareilly, Boorkee,' Hanikhet, and Chakrdta observ- 
ations were taken both night and day for some years, at the horns of ten and four. If 
the means of the four observations at these hours he adopted as daily means, Chakrata 
appears to he the most humid of the four stations, and Hoorlcee and Hdnikhet the driest, 
■ though the difference between Ohakidta and Hoorkee or Bdnikhet is less than might he 
anticipated. The humidities of the other places in Table XYI/ liavo been calculated 
approximately from the monthly means of temperature and vapour tension. The figmes 
for Dell in the winter months are doubtful ; the psychrometer generally giving unreliable 
results, when the temperature falls much below freezing. 
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The relative humidity o£ the air, at all elevations up to 11,500 feet, is sul)ioct to a 
double annual variation ; one maximum oeeurrin^ at the time of grcitcst cold, and the 
other in the middle of the rainy season. At lich, the summer maximnln is verv faiiitl v 
marked, nine-tenths of the vapour brought by the south-west nionj-oon being cut off 
before reaching the station; and at Dharmsdla, north of the Panjdb, the air appears to be 
slightly more humid in winter than in summer. At all the other stations, the maximum 
degree of humidity is reached in August. 

In April and November, the air is dry, especially in the former month, wlicn, 
during hot winds from the north-west, the percentage of saturation over the plains often 
falls as low as 5 or 6. In the hills, at Almora and Pvtinikhet, the hiunidity of the air 
frequently sinlcs to 25 per cent., hut is seldom less than 20 per cent. Tlic month of 
November and the beginning of December appear to be quite as dry as April at tbc 
higher liili stations, where these months are rainless ; while sliowcrs sometimes fall in 
April; hut on the plains, because of the low temperature of November and tbc mois- 
ture left in the ground by the summer rains, the air is still comparatively moist. In tbc 
cold Aveatber, the Suh-Himalayan stations are more humid than the hill stations, on the 
average of the twenty-four hours ; probably because the air winch is cooled and has its 
relative humidity increased by radiation during the night, drains away from the hills and 
collects over the plain. At this season, the aii* at the liill stations appears to he drier in 
the mornings than in the evenings. 

The humidity of the upper regions of the atmospliere, as indicated by clouds, is 
always greater in the daytime than at night. On the outer slope of the Ilimalayan 
chain .the variation is doubtless quite as distinctly seen as anywhere else in the world, 
hut it has not been recorded in the observatory registers, where only the amounts of 
' cloud seen at 10 a.m. and'4 p.m. have been entered. The variation is, bowcA’cr, probably 
A^’ery similar to that which occurs over the plains, where the skA is most serene about 
10 P.M.; and most cloudy at the hottest time of the day, Avhcii the upuard convection 
currents are strongest. In Table XVII, the figures represent the means of the 10 a.ai. 
and 4 p.m. observations, and they arc therefore a little above the true mean foi the 

day. 
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XTIL — Average proportion of cloudy in tenths of the es-panse. 
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The annual variation of cloud is similar to that of the relative limnidity of the air 
near the ground. It has two maxima, in the cold weather and the rainy season, and two 
minima, in April or May and in November. April is cloudier than November, probably 
because the upward movement of the air dm'Lng the day then prevails over the downward 
movement at night, while in November the prevalent movement is downward. In this 
way the air in the upper strata is dynamically cooled in the hot-weather months and 
dynamically heated in November. The variation of humidity at the hill stations 
is intermediate in character between that observed on the plain and the variation in the 
cloud-hearing strata of the atmosphere. 

No direct observations of the heights of clouds above the ground have been made in 
the Himalaya. The ordinary clouds of the rainy season, that look like broken cumulus 
from below, are often not more than 5,000 or 6,000 feet above sea-level, hill stations 
like Naini Tdl and Mussooree being frequently enveloped in them for days. They some- 
times even extend down to the level of the plains, the whole mass of the mountains np 
to the shows being tlien shrouded in fog. Prom the vapour tensions given in Table 
N.III, and the temperature decrements in Table V, it is possible to calculate approxi- 
mately the average height at which a mass of air rising up from the plain would reach 
the dew-point and begin to form cloud. In January this height is a little over 5,000 
feet above the plain, or about 6,000 feet above sea-level. In April and May the height 
above the sea is over 8,000 feet, and at this time of the year it is rare to find clouds 
resting on the outer ridges of the Himalaya, though great hanks of them are formed 
every day along the southern face of the sno^ry range. In the rainy season, that is, 
between the middle of June and the end of September, the average height .at which 
clouds would commence to he formed in a rising column of air is 3,200 feet above the 
plain or about 4,000 feet above sea-level. Tliis probably coincides very nearly with 
the zone of greatest rainfall on the mountains. In J uly and August, when the air is 
most humid and rainfall most frequent, the average lower limit of cloud is probably 
about 3,400 feet above the sea,^ 


Hegarding the upper limit of cloud nothing is known. The light feathery ice-cloud 
called cirrus, seen above the plains of Tibet and the passes over the Indian pmtershed, 
appears quite as high as when viewed from the Indian plain. It is probably formed at 

’ The mean elevation nt ■which tvn ascending' column of nir would attain the dew-point in each mouth is the following 
Jnnaary Fchvuary. SInreh. April. May. June. July. August. September. October. JTovombor. December, 
feet. feet. feet. feet. feet. feet. feet. feet. feet. feet. feet. feet. 

e,0S8 6,9S1 7,316 9,037 8,258 6,813 3,420 3,436 3,867 6,650 7,723 7,303 

These Sgures arc deduced from the observed tensions of vapour at Eoorkee and Doreilly, and the rates of temperature decremcn 
given in Talilc V, 


] 
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aU elevations to Trliicli n'ater vapour extends, tlioucrli vdial the upper lim’u of vajK^ur 
is we do not know. If we assume the cirrus clouds over the Tibetan b? 

twice as higli as the plateau itself, say 30,000 feet ahovo sea-level, the fjuantity of 
vapour In the aii’ would he only onc-twentietli of that observed on tlic jilains of India, 
but it would probably ho quite sufficient to form light clouds. 

Eain axo Snow. 

The distribution of rain both, on the plains and on the mountains has already been 
described in a general way. The plains of Korthera India, between the mountain^ anti 
the eTutnna river, or a line dravm north-westward from Delhi beyond the river, may he 
divided into roughly parallel zones of equal rainfall ; that which reecive-H the greatest 
amount of precipitation Ijdng nearest to the Hinrilnya. The breadth of each of these 
zones gradually diminishes towards the north-west, and widens out in the direction of 
Bengal, because, the prevailing wind of the rainy season being easterly over the plain, 
the supply of vapour gradually diminishes and the rains become lighter as we jia'^s 
from east to west. In Table XVIII, the avemge monthly minfalls of 15 places on the 
plains, near the base of tlic hills of Kunrium, Garhwdl, and Dchiti Dun, arc given. 
The first group of stations is at an average distance of 20 to 30 miles from tlie base of 
the hills, and the distance of the other group is under 20 miles. In both gronijs tlu; 
stations are arranged in order from cast to west. The table might he extended inde- 
finitely in both these directions as well as southwards, hut liitlc would he gJiincd In 
doing so, since the distribution of rain above described is scon clearly enough from the 
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‘TIxc GiTBrcigc rflriuftiU of. tliG lino of stations cit a, d-istascG cxccGding twenty miles 
from tlie Himalaya, is 40’1 inches, and that of the stations at a distance less than twenty 
miles is 46-6 inches. In each group, the total rainfall gradually diminishes in passbg 
from the extreme east of Hohilhhand to the neighhourhood of the Ganges, where it > 
increases suddenly and again gradually shades off to the westward. TiiGmeamvinddh-ec- 
tions for the rainy season at Hoorkee, Meerut, and Delhi indicate that there is frequently 
a sort of eddy formed, at that season, near the upper course of the Gauges, prohahly hy'the 
meeting of the south-east winds of the plain with south-west winds from the Arabian ^ 
Sea, that have been deflected northward by the Aravali hills in Edjputdna ; and this may 
he the cause of the increased rainfall that is observed. 

On the mountains, the rainfall varies rapidly with height ; and its quantity is, to a 
very great extent, dependent on the situation of the place to the windward or leeward 
of high ridges and peaks. At fairly exposed stations of nearly equal altitudes, there is 
a gi'adual diminution of the annual rainfall, on jxassing from west to cast, comparable 
to that which occurs on the plain. Thus the annual rainfall of Darjiling is 120 inches* 
that of Naini Tdl varies from 92 to 110 inches in different places, that of Mussooree is 
92 inches, and that of Chakrata, Simla, and Marri 62, 68, and 68 inches respectively. 

The next tahlo gives the average monthly and annual rainfall of twenty-two places 
on the Himdlayan slope, classified into three groups according to their positions near the 
foot of the slope, on the outer high ranges or on the inner ranges and valleys. 


XIX. — Jtainfall on the Himalaya, 
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^ Tlie influence of an cloTatcd ridge, in diminisliing ilic rainfall of the valley beliintl 
it, is seen on comparing the rainfaU of Almora -vvitli that of Xnini Tal, or evcn*by onnu 
paring Srinagar with Panri, though both of these lie far in the interior of the mountain 
system. A much greater contrast is ohsorvahlc hetween Bhogpur, at the foot of the 
mountains overhanging the gorge of the Ganges above Hardwilr, and Behrn, in the Dmi, 
behind the central and liighest paii of the Siwiilik chaim The rainfall of Bhogpur, 
given by the observations of three years, is, however, probably too high. 

The variation of rainfall with height can only he roughly dctorminetl, hecauso every 
high ridge and peak thus cuts off the supply of vapour from the ‘lower ground to the 
north of it. In. Table XX, an attempt has been made to determine it approximately 
from the rainfall ligm’cs in the first two sections of Table XIX, together with those of 


two or three places in the liills north of the Panjab, and the observations made by 
General Stracbey at Niti in 1849. Tlie ratio between the mean minfaU of each hill 


station and that of the nearest station or stations on the j>lains, for the same years, is 
given in the last column. 


■ifT ’. — Hainfall of ihe cuter tlope of the Hhnalatja compared to that of the uctffhbouTtng plain. 
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By grouping together the ratios for the places lying hetween the eren thousands 
of feet, many of the iiTegularities that appear in Table XVIII are cleared away, and 
the results may he accepted u-ith more confidence. The excessive rainfall of Bhogpur 
for example, will to some extent counterbalance the defect at Debra caused by the 
position of the latter station behind the ridge of the Siwahks. The following fimues 
are thus ohtamed ; — 


1 

! 

Height above plain, 


Mean hcljfht. 

KAtsiiLii smo. 

1 


Observed. 

C-ilcntateJ. 

i 

^ 0 to 

... 1,000 

Eeet. 


1-61 

1 -cr 

1 1.000 „ 

... 2,000 

ii 

1,300 

2-65 

2-71 

, 3,000 „ 

... 4,000. 

n 

3,350 

3-91 

377 

4,000 „ 

6,000 

it 

4,730 » 

3-‘16 

3-34 

E,000 „ 

... 6,000 


6,710 

2-20 

2-4S 

6,000 „ 

... 7,000 

t) 

6,370 

1-69 

1-66 

10,000 „ 

... 11,000 


10,660 

0-12 

? ; 

( 


The intios in the last column are calculated hy means of a formula, B = 1 + 1-657; 
— 0-24/i^ It represents the observed ratios in the above table up to 6,600 feet as closely 
as can possibly be expected, considering the natm*e of the obseirations.' At elevations 
greater than 7,860 feet above the plain, this fomula gives negative values for the rain* 
fall, and is therefore inapplicable; but from 6,000 feet above the plain upwards, the min. 
fall ratio may he approximately represented by a logarithmic formula, log B = 2-050— 
0-278 h. In both formulae h is to he expressed in thousands of feet. 

The mean rainfall along Bohilkhand and the Doah, at a distance of twenty miles 
from the hiUs, is about 43 inches, and the mean elevation of this line above sea-levcl 
is 800 feet. Applying the f ormulm in the preceding pai’agra 23 b to these data, we find 
that the average rainfall, on the southern slope of exposed mountain ridges, in Kumiiim 
and Gai'hwal would probably he the following : 


At 

800 feet; abore the sea 

43 inch 


2,000 

33 

33 

57 

33 

3) 

2,000 

3i 

33 

113 

3t 

3) 

3,000 

39 

33 

149 

33 

3} 

4,000 

33 

33 

164 

53 

J! 

5,000 

33 

33 

159 

33 

35 

6,000 

33 

33 

133 

53 

35 

7,000 

53 

33 

91 

33 

55 

8,000 

33 

33 

54 

35 

33 

9,000 

>9 

33 

28 

33 

33 

10,000 

35 

53 

15 

1 1 

Ji 

11,000 

33 

33 

8 

)5 

93 

12,000 

S3 

33 

4 

33 
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nr. 

From tlic table it appears lliat the maximum rainfall occurs about ‘5,000 b'Ct ak?vc 
the sea. The exact height of the maximum zone detennined by the formula is 
feet above the plain, of about 4,210 above sea-level. Tin's .agrees row elos^v ndth the 

«vi> ^ • 

mean altitude at wbicb a rising eolumn of air reaches its (le^v-point in the rainy 
season. 

Hy far the most important, if not the only cause of rain in the lliniulaya is tlu» 
cooling of the air by expansion as it ascends the mountain slope. It has been alr^vidy 
seen that, in the rainy season, the direction of the wind, at all elevations in tin* 
Himalaya up to 15,000 or 10,000 feet, if not higlicr still, is from some soutlK'rly 
(quarter. Near the foot of the hills, the prevailing direction is south-easterly, but 
at most of the stations, from the level of l)chra Dun uptvards, the wind hlotvs from 
some point to the west of south; that is, more or less nearly at right anglers to the axis 
of the mountain zone. The air, in rising to surmotmt the barrier, lias its beat lupidly 
converted into the work of expansion, and it commences to precipitate inii^ whcji the 
temperature falls to the dew-point. lYhcn once condensation begins, the mte of 
decrease of vapour with height will be a measure of tbc quantity condensed, or the 
' rainfall. This rate is greatest at the lowest elevations ; and thus rain should he hca\'iest 
at places on the outer slope of the mountains, where a rising stream of air usually 
begins to precipitate moisture, as the obsciantions prove to be the fact. 

•The slight rainfall of places like Almora and Srinagar, to the Iccwanl of a higher 
mountain mass, is caused hy the partial exhaustion of the vapour in crossing (he luoun- 
tains and by the dynamical hcatin- ot tlie air as it streams down towards tbc valley, 
both causes diminisUing tbo tendency to condensation. Tbc rapid dccrwiso ot ramtall, 
on asoemUng beyond 0,000 or 7,000 feet, is duo simply to tbo cxbanstion ot tbo vapour, 
but, at aU derations, tbc influence ot lugh ranges, in cutting off tbc supply ot vapour, is 
easily seen. Eegarding tbo lainfall ot 1819 on tbo Tibetan tablc-land, Gcncml Slracboy 
.says "In the country beyond Niti no register was hept ; but during a weclc ot rainy 
weatlier in tbo middle ot August I'O inches teU at Kiti, while at Sanjar, beyond ic 
watorsbed, where I was then encamped, at 10,500 feet, the rain never oxceoded a ve^’ 
taint drizzle, and coeJd hardly have been susceptible ot raeasmement. At tbc Le i 
observatoiy, all through tbo summer, the mintall hardly ever exceeds a tew i rops and 
the greatest tali in a month, during several years, was an mob and a bait Sir .Toscpli 
Hooker’s experience in Sikbim supplies us with facts quite parallel to tbeso. In A . , 
1849 be savs 20-8 inclios tell at Darjiling, while in tbc interior, at be same deration, 
but bi tbo rear of the first masses ot snowy mountains, only 12-o mclios ncro • 

Between the Stli ot September and the end ot tbc month, only 1-7 mebes tell .at Home 

, SaiZg. about 15,500 feet above the sra. while at Daiitling 10 mebes fell, and other 

irL‘?tances of a similar uatui’C might be cited, _ ai- u aUo 

The variation of rainfall with season is very distinctly marked in ^t 

stations in Tables XVIII and XIX, 

plain, ^ “,,.,tever occurs in this month, .or in tbc first liaK ot December; 

iss.;,. « .. — rs.;'r r;:r— 

’"X^terMs'ldattboTarj 

oTtbe Si^b and the Xortb-Hcstem Prorinces. 'Pliese winter snows and ra,.. 
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increase in <iuantit.y and in frequency on the hilis and in the north-west Panjah, until 
Pebmary or March, hut on the plains of the North-'Weatem Provinces and Behar the 
maximum occurs ia January. 

The cause of the "winter rains and snows has already been pointed out in describing 
the annual changes of the winds. In October and about the beginning of hTovember, tbo 
air over Northern India is as near as it ever attains to a condition of statical equhibriuin. 
It is subject to the diurnal oscillations called the barometric tides and to the accompany- 
ing mountain winds, but there is little permanent movement of the air in any dhection. 
Dui'ing the cold weather, however, the neutral plane of pressure gradually sinhs and tbe , 
Eouth-west upper currents of the atmosphere are then forced to ascend the slope of tbe 
mountains where they precipitate more or less of the vapour they contain. On tbe 
lower liiUs, the temperature increases so rapidly in March and April, that the tendency to 
precipitation, and consequently the rainfall, becomes less than in January and Pehruaiy, 
though the upper currents continue to blow from nearly the same direction as in winter. 
Along the southern declivity of the great snowy range, however, thunderstorms are of 
daily occurrence at tins time of the year ; and above the snow line considerable quan- 
tities of snow are frequently precipitated. In Ladakh, the hea"riest falls of snow, observed * 
by Captain H. Strachey in 1848-49, occni'rcd in. April; but during the three years, 
1876-78, there was no precipitation at Leh in that month. 

April and May are the months in "which haD. is most frequently noticed in the 
Himdlaya. No regular registers of this phenomenon have been kept; but, nearly 'eveiy 
year, several hailstorms ocom' in the outer hills, and the stones are often of lai'ge size. 
On the lltli of .May, 1856, a hailstorm occuiTed at Naini Tal, in which many stones of 
6, 8, 10, and even 24 ounces were observed to fall, the drcumference of these vai’jdng 
from 9 to 13 inches. In 1878 there was a storm in which large hailstones fell, some of 
them so heavy that they punched holes through the zinc roofs of the houses, while 
the quantity was so great that it lay in shady places, where covered with leaves, for 
nearly a month. 

About the middle of June usually, and sometimes before tbe end of May, near tbe 
foot of tbe bills, the hot north- west winds of tbe plains give way to sea "winds from the 
Bay of Bengal- The whole of the lower atmosphere over India is then mo"\ing towards 
the nimdlaya ; and the upward deflection of the air ciuTents by tbe mountains causes 
frequent precipitations of rain, in the manner already described. Tbe .rainy season 
almost always commences sooner on tbe mountains than on tbe plains ; for saturation is 
reached first at high elevations, and then propagated do"wnwards, by the cooling effect of 
the falling rain drops and the cutting off of the sun’s heat by clouds. At most places 
in India, and in tbe inner parts of tbe Himdlaya, July is tbe rainiest month ; hut on the 
outer slope of the mountains, August is equally or sometimes even more rainy, esjiccially 
tOAvards the north-west of the chain, 

"While the rainy season lasts, the parts of Itadakh about Leb, and tbe Tibetan 
plateau generally, recewe perhaps, on the whole, less precipitation than in winter ; 
because tbe temperature is then ao much liigher than on the Indian side of the chain ; 
this high temperature greatly decreasing the relatiAw humidity of any air that may reach 
the plateau from the south. It is probable also that the liigh snowy peaks, lying 
above the limit of the monsoon current' proper, receive less precipitation in summer 
than in "winter. At the turn of the seasons, hoAvever, about the end of September, falls 



JtoETn-irasT m!tAi,ATA. 

occur on ,„c pn... over „ I 

o..“LtLr ?,* “' fr-",” 

incessant rain frequently experienced In ' W.un ^“ 201 ; 1780 ;”, 0 . 1 ^ ‘'Tn 
the plains also, it is well known to the natives ot the county- that if 7n in t^o 
.mWafr«( unar mansion) of ITartiya-that is, in the last week of Septemher 'or firlt 

7d 18tl 77“’/* ‘i«o7 >'“n- rain, like that of the 3711, 

and ISth September, 1880, when 30 inehes fell in little more than two davs at Kani Tdl 

a d piodnced a disastrous landslip, cannot, however, he thus produced hv a simple loss 

of heat, hut reqmres a powerful indraught of moist nir (0 keep up the supplv ot rapour. 

“i Ts n “ 7 "^'"= ’'"""''■■''P won^oo;,” and pro. 

bahly also that which falls at the same time on the outer hills of Kiimiiun, must he due 

olnefly to the minor storms of a cyclonic character that arc frcnuentlv formed near 

the head of the Bay of Bengal at the turn of the season, and pass inland in a north- 
westerly du-ection. 

\ 


Additional Note on the Bisteibdtion or VAPODn, 

In tile liot weather of the present year (1SS1),I spent the greater part of two 
months' leave in the Himalayas, and while there I took frequent observations with the 
psyohrometer, the results of which serve, in some degree, as a test of the truth of tlie 
ratios for the first 13,000 feet, given in Table XV under Kumdun. Unfortunately, the 
greatest elevation I attained was only 13,800 feet; and the ratios for 14-, 000 to 18,000 
feet, which are believed hy General Strachey to be somewhat too small, must be 
accepted as they stand in the table. 

The thermometers, nsed for the obsers'ations, were small pea-hulb instruments bv 
Casella, mounted in a mahogany case, the lid of which was opened and tlic innslin over 
the wet bulb moistened several minutes before taldngan observation. The box was 
usually hung up in the best shade available — in the verandah of a bouse, in a calllc shed 
open all round, or under a tree. "Where the shade was imperfect or the air was quite still, 
the box was s^vung gently backwards and forwards until the indication of each thermo- 
meter became steady. The pressures were taken from a small pocket aneroid corrected 
' after every considerable change of level hy comparison with a moim tain barometer. Prom 
these pressures, the heights of most of the places have been calculated approximately, 
the reference station being Hanikbet for all the places east of Pauri, and Dchra for 
■ places west of Pauri. A few of the elevations about Naini Tal, ilussoorcc, and Dchra, 
have been taken from the maps of the Great TrigonometTical Survey, 

The observations of the psychrometer have been reduced by August’s formula 
with Hegnault’s constants. Observations of one of Kegnault’s condensing hygrometers 
were made at Naini Tal, Hanikbet, Badrindth, and Dobri, and though the degree 

r 
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of humidity at the times of observation Tvas low— ranging from 22 per cent, at 
Banikhet to 56 per cent, at Dohri— the results of the direct observations agree 
very closely with those given by the formula. Por higher degrees of humidity 
the agreement must he still closer. The observations indicate that a great variety 
of weather was experienced on the journey, the degree of humidity ranging from 
12 to 96 per cent. The mean rate of variation of vapour with height, deduced 
from these observations, will therefore probably approach closely to the average rate 
for the summer months. 

The tension of vapour at sea-level, for each day, has been found from the 
observations made at Bareilly and Boorkee at 10 a.m. and 4 p.m. ; hourly observations 
made at Boorkee, indicating that these differ little from the mean of 24 hours. The 
process of reduction employed is that described at page 406. The resulting values have 
been smoothed, by taking the mean for each period of seven consecutive days, in order to 
eliminate as far as possible the effect of changes of weather of short period. In comput- 
ing the ratios, in the last column hut one of the first table appended to this note, all 
the observations made at one place, in a single day, have been counted as one, the mean 
of them aU being divided by the tension at sea-level for that day. 

The ratios in this column may he grouped together by taking the average of 
them all for places between 500 and 1,500 feet, 1,500 and 2,500 feet, &c,, additional 
weight being given, when necessary, to certain places, preferably those where several 
observations have been made, in order that the average height may he as nearly as 
possible an even thousand of feet. In this way we get the following values : — 







Vnpo\5T 

Vapour 


Hejffht. 




Tension ratio 

Tension ratio 

Difference. 






oLserreJ. 

computed. 


Sea-level 

• # « 

fat 

• • • 

... 1*000 

1*000 

■ a ■ 

1,000 

feet 

• • a 

• « « 

» • t 

... -879 

•903 

+ .024 

S,000 


• « • 



... -830 

*815 

—•015 

3,000 



a a a 

» • 4 

... -761 

•736 

—•025 

4,000 


■ • * 

4 • « 

a 4 . 

... *690 

•664 

—•016 

5,000 

3S 

« « a 

• 4 1 

a • « 

... *608 

•GOO 

—•008 

6,000 

33 

««-« 

a • * 

» a « 

... *553 

•542 

—•Oil 

7,000 

33 

»«k 

a 4 a 

a a • 

... *531 

•489 

—•042 

8,000 

33 


... 

a * * 

•455 

•411 

—•014 

9,000 

33 



• a 4 

... '371 

•398 

+ •027 

10,000 

33 

4 • « 

**• 

a * a 

... *330 

■SCO 

+ •030 

11,000 

33 

f • ■ 

a*. 

a a a 

... *295 

•324 

+•029 

ia,oOo 

33 

-a - 

a • a 

4 4* 

... -208 

•293 

+ •025 

13,000 

33 

... 

• a » 

r a • 

... *268 

•265 

+•007 

13,800 

33 


• a a 

a • a 

... '2G0 

*244 

—•016 


^ The figures iu the last column hut one are computed by the formula log. p==log. P— 
numerical constant is thus somewhat less than that deduced from all 
the observations given in Table XV. The column of differences shows that, the computed 
ratios are generally less than those, given by observation, at elevations below 9,000 feet 

elevations, as in the Xumaim series in Table XV ; hut the excess 
a , feet, in the column of observations, is much less than in Table XV. The 



X07iTn-\rr.sT iidialaya. 
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latter is due entirelj* to the local inaucncc of Dehrn. ^icn the con^^tnnt coinpiitca 
for each 7,000 feet, the following values arc ohtained : — 


Eievation. 

0 to 7,000 feet 

• * « 

• # » 

• k * 

{•'M'vr*., 

1,000 to S,0t)0 „ 



« « « 

2},V77 

2,000 to 9,000 „ 


« V • 



3,000 to 10,000 „ 

• * • 


»»« 

lo.eoi 

4,000 to 11,000 „ ... 

« « « 


k » • 


5,000 to 12,000 „ 

• « « 


» t • 

is.ort 

0,000 to 13,000 „ 

« 4 « 


• • • 


7,000 to 13,800 „ 

4 «• 

• • * 

• • • 



The mean of these numbers is 21, GO, almost the same as Dr. ITann’s result, hut 
the constant computed from the two extremes in the preceding table is 2o,rjSS. Ihe 
number now adopted, 22,52G, is the arithmclical mean of these two. 

The constants computed for intervals of 7,000 feet decrease preiiy regularly as the 
height increases, all except the last two. Tlic whole of the observations, about 
13,000 and 13,800 feet, were made, however, in the day time, when the t<!nsion of 
vapour at these elevations is above Ibc daily mean, whereas at the lo^^o^ elevations 
some of the observations were made in the early morning.' It seems ])robable ibere- 
fore that a temperature constant should enter into the vapour tension formula as into 
the barometric formula; and there should probably he also a factor for the rate of 
decrease of temperature with height. The data here given do not, however, enable us to 
compute the value of these factors vdih. any approach to exactness. Tlio morn rapid the 
variation of temperature, the smaUcr will the constant of the logarithmic formula be; 
and as the decrease of temperature is much more rapid in Itay and Juno than on the 
avera-e of the year, the constant computed from ohscivations made in these months 3s 
; less than tliat calculated from Table XV, thougli the mean temperature in these months 

is higher. , , 

Since this paper was in print, I bavc also worM up tbe numerous liypmctrical 

data contained in the " Hypsomctiy ” volume of the Messrs. Ton Schlagmtwcit. 

The vapour tensions deduced from the temperatures and relative Immiditics, given 
in this volume, arc, however, very irregular, and in many cases almost impossihle. 
men compared with the mean results of the nearest Suh-nimiilayan ohservatorics, they 
give a senes of ratios best represented by a logarithmic fornuda .nth the constant 
WOO feet. This is so much less than the constants given by other senes of ohsorva- 
tions in the EimAlaya that it must he considered erroneous. 

e 11’ finiU tint C incroTV'C^ flo-wly with the Iieicrht. Tie notice*, howeircr, 

r.. c itsa »rof .icon.™, p,«i3% ovio* .0 ...oMai.r 

temperature. 
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Ps^ehromelric Observations in the Himalayas, 1881, 
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K 


H 

■t 

C5 


April 28tii tc 

10 A.M. A 

Bareillj 

6CS 

■) Taker 

93-£ 

^G-4 

4 

43 

•680 

’ ’722 

■94 


Jnnc Soil). 

4 p.ar. 


887 

t at 






Ditto 

Ditto ... 

Itoorkee 

) 29-70 

94-C 

748 

37 

■615 

’ -722 

•85 


April Sfltli 

6-SOa.u 

Ranibagh 

1,720 

28-10 

70-8 

66-7 

37 

•284 

•319 

•89 


>• *»• 

8-30 A.U 

GtIJar 

3,580 

26-23 

84-6 

59 9 

18 

•214 

•319 

■67 


>f }» ... 

9-15 A.M 

Dougins Dale 

4,IC0 

25-75 

80-9 

68-2 

21 

•224 

■319 

■70 


ft J» 

10-5 A ir. 

Nani Tal Brewerj- 

4,690 

26-44 

85-9 

61-7 

22 

■273 

■319 

•85 


>• ii ... 

2-30 p.jr. 

Ditto D5k BuiigaTon 

6,600 

23-51 

73-8 

61-4 

27 

•223 

•319 

•70 


„ SOtli 

8-30 A.ir. 

Ditto Ditto 

... 

23-57 

69-2 

50 9 

24 

•175 

\ 



$» ••• 

3-15 p.jr. 

Ditto Ditto 


23-60 

71-7 

54-4 

32 

*252 

) -303 

*72 


>» 9> 

6-30 p.ii. 

Ditto Ditto 

... 

23-65 

68-7 

62-6 

32 

■228 

) 



Mny 1st 

10-.30A.K. 

Ditto Ditto 


23-70 

73-3 

56-0 

32 

•267 

'302 

■83 


» 2nd ... 

Noon ... 

Ditto St.-Loo Pass 

7,390 

23-16 

63-6 

43-1 

12 

•070 

•314 

•22 

Strong wind. 

9* ta *** 

1-30 p.ii. 

Broken bridge 5 miles 

4,700 

25-21 

78-8 

63-2 

12 

-119 

•314 

- *28 




north of St. Loo, 






9» tf •«. 

5-30 p.ir. 

Eh.iirnp Dhk Bnngaloiv 

3,240 

26-50 

78 8 

54-7 

14 

•136 

•314 

•43 


,, 3rd ... 

6-30 A.it. 

Ditto Ditto 

... 

26-67 

631 

60-9 

40 

•231 

•321 

•71 


» ft **. 

8-45 A.sr, 

Bukni Mabndeo ... 

3,240 

26-55 

67-2 

63-2 

36 

•243 

•324 

•75 


9f ft 

11-46 i.ir. 

Pilklioli 

6,230 

24 72 

67-7 

61-2 

29 

•197 

•324 

‘61 

f 

*9 9f ... 

3-50 p.ir. 

Baniklict Ddk Bungalow 

6,720 

24-25 

72-8 

61-2 

17 

•188 

•324 

•68 


„ 4th ... 

10 a.m. . 

Ditto Ditto 


24*33 

68-7 

60-7 

24 

•171 

•343 

•49 


» ff ... 

11 A.M. ... 

Ditto Observatory-... 

6,069 

24-10 

70-5 

61-8 

22 

•165 

•348 

•47 


ff fi ... 

1 -30 a.m. 

Ditto Dak Bungalow 

5.720 

24-30 

73-8 

62-2 

IS 

•152 

) 



>* 9t 

7 P.M. ... 

Ditto Ditto 


24-35 

66-4 

49-9 

27 

•177 

> -348 

•47 


9f 5th , , , 

6-30 A.M. 

Ditto Ditto 

»•» 

24-35 

69-2 

47-1 

38 

•191 

■373 

•51 


9t ft •.» 

7 A.M. ... 

Kotla 

4,850 

25*16 

6G-7 

61-7 

83 

■217 

■373 

•68 


II t*. 

9 a.m, ... 

D,nrinar Bridge 

3,450 

26-46 

70-9 

57-7 

43 

•324 

•373 

•87 


9* it «»• 

10 a.m. ... 

Sanoli 

3,650 

26*27 

81-9 

68-9 

21 

•229 

•373 

•61 


« II 

4 P.M. ... 

Dwarshdt Dak Bungalow 

'4,980 

24-99 

80-6 

66'7 

19 

*195 

•373 

•62 


ji 6tli 

6 A.M. ... 

Ditto Ditto 

... 

25-02 

67-7 

62-6 

34 

■228 

•^5 

•52 


» a> ... 

7 A.il. ... 

itoad, 4 miles north of 
Dwara. 

3,490 

26-36 

68-0 

54-2 

S3 

•260 

•435 

•60 


II It ... 

10-30 A.M. 

Sanai Dak Bungalow ... 

3.060 

26-75 

82-9 

60-7 

23 

•265 1 




It »9 

3-45 P.M. 

Ditto Ditto 


26-70 

86-6 

64-2 

26 

•333 ! 

'435 

•69 


» 7th ... 

8-40 A.M. ! 

ilihalclifluri DjspGnsary 

4,020 

25-88 

73-8 

61-2 

47 

•398 

•516 

•77 


» >1 •»* 

6-45 P.M. 1 

jobba Dik Bungalow.., 

6,270 

24-84 

77-8 

59-9 

33 

‘318 

•516 

•62 
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THE METEOHOLOGT OF THE KOETH-'V\'EST HliLVEAYA 
Ps^chiQjuefiic Observat'wns in ihe JJimulnyas, 1881 — conoid. 
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' Kashghar 
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„ Kurrachco 

„ „ „ Northern India 

„ „ „ Tarkand . 
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„ insolation . . • . 
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„ relative hnmidity . 

„ temperature , 
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Baric wind-rose, Calcutta . , 
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Barnaul ; annual temperature range . 
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Blanford, H. F., Boileau, Genl. J. T. : observations at Simla 
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DiiaVMtEdlo. : relative humidity . . • • 

„ temperature . . . • • 
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Diurnal range of pressure in Himalaya, &c. 

„ „ temperature . . • • 

variation of barometric pressure, Allahabad 
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Droughts in Northern India 
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Epochs of maxima and minima (See Maxima). 
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Formnia, haTinonic Ilarmonie), 

„ rainfall decreme'nt vritli elevation . 

„ tcnipcraliire of IHmAIayan siation? 

„ vapour tension decrement Tritb clcv.alion 

Gallo 1 annual range of temperature .... 

GarfiB-al: vapour tension 

Geography of Allahabad . . . . ' . 

„ Goalpara 

„ Ilnxnrihagh 

„ Kaslighar 

„ Leh ....... 

Faina ....... 

"Western Tibet 

„ Ynrkand 

Goalpara ; diurnal variation of barometer . 

Gujranwala : rainfall 

Onlgan Shah Mnxar : hourly observations . 

Ilaldwdni : rainfall 

Ilardwdr : rainfall ....... 

Ilanaonic formula : annual var. barometer, Allahabad 
„ „ » „ Benares . 

„ Kurraehee. 

,, „ „ relative humidity, Allnhabai 

„ „ temperature, Allahabad 

„ „ vapour tension, Allahabad 

„ „ rrinds, Kurracliee 

„ „ diurnal var. harotnclcr, Allahabad 

.. „ .. Cii\cxiU:i 

„ „ „ » Goalpara 

.. Ilazaribagh 
„ Kurnichee 

.. Bell . 

„ ft It '• 

„ Patna , 

„ ■ (j >• ” 

„ « Simla . 

„ .. » Yarkand. 

„ temperature, Allahabad 
Yarkand 


vapour tension, Yarkand 
rrinds, Calcutta . 

„ Korrachcc 
„ Yarkand . 


Ilawalbagh ; temperature 

Hnr..aribagh ; annual and diurnal var. barometer . 

,, wind variations 

Hci^t of clouds 

maximum rainfall 

Henderson, Dr. : on dost hare of Kashghar . • 

winds of Tibet and Yarkand , 

ft tt 

Hill, S. A.: ittclcorology of Allahabad 

Ivorth'Westem Ilim.abya 

„ rainfall of Benares 

storm nt Allahabad . . • 

variations of rainfall in Korthem India 
Himalaya: meteorology of . • • 

Horary variation (Srf Diurnal Tariatiou). 

Hourly observations at Calcutta . . ■ • 

second class slatiocs . 
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. Cl 
. C7 
. 11 


. 3S3 

, 175 
. 110 
. 410 
, 114 
. 41 
. 50 
. 311 
.377 
, 140 
. 13! 

. IM 
- 377 



INDEX. 


433 

Honrlj observations at KasbgbiJr and Yartnad 
j, readings of barometer, Allababad 
,, Calcutta . 
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„ Goalpara 

„ Gulgan Shab Hazar 

„ Hazavibagb 

„ Kargbalik 

„ Kasbgbar 

„ Kicbik Tailab 

j, licb . * 

„ Murree 

„ Patna 

„ Sanjn 

„ Simla 

„ Srinagar , 

„ Yarkand . 

bygromctcr, Calcutta . 

„ Kasbgbar 

,, Yarkand . 

tbermometer, Allahabad 
I, Calcutta , 

„ Gulgan Sbab Mazar 

„ Kargbalik 

„ Kashghdr 

„ Kicbik Yailak 

,• Leb. 

„ Murree 

„ Sanju 

,, Srinagar 

Y’arkand 


}f 


Hyetic wind-rose, Allahabad 
,, Benares ■ 

„ Calcutta . 

Ilygrometrio Trind*iose, Yarkand 
irygrometry of Allahabad . 

>, Kasbgbar , 

n « Nortb-Westem Himalaya 

Humidity {See Kelative Humidity and Yapour tension). 
Insolation : annual variation on globe . 

« ah Bareilly 

„ in K&shgbaria . 

». at Luclcnovr . , 

* * 

» in Hortb-IYesleru Himalaya 

» in Tibet .... 

Isobars in Central Asia 
Isobaric plaues .... 

.Telmek, Prof. ; Formula for epochs of maximum and minim 
Jubbulpore; rainfall . 

K^lsi: rainfall .... 

„ temperature 
Kdnam ; temperature . 

Kdiakasb valley .... 

Kfii-5koram . 

* * • 

Kardong: temperature 
Kaighalik : hourly observations . 

KasbgbSr: meteorology and eJimata 
Kasbipur: rainfall 
Kicbik Y'ailak ; hourly observations 
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. 224, 225, 232 
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KHpuri: mmfalt 

Kuinnun : rnpour tpusion 

Kurradice*. inc 5 nUilj baromotric TOPani .... 

„ rainfall 

„ winds ... • • . . . 

tabove : annual rango of tompcraturo . . . , _ . 

„ rainWl 

Laudour; rainfall 

„ tcinper.atnre 

Leli : annual range of iempcratiiro 

„ bavoniclric prcsauro 

„ cbnd proportion 

„ iiouriy obsorrationa ..... 

„ rainfall ' , . 

„ relative bnniidity 

„ ’temperature 

„ vapour tension , 

Loess of Yarkand . 

Lohngbi'it: temperature , 

Lucltnowy monthly mean ma.ximnm temperature 

„ .. » minimum 

Mauritius; dimmal variation of tcinperaturo .... 

,1 .. I. '^ii'ils 

Jlaxiroa and minima (diurnal) mean pressure, Ali.ababad 

,, II II II II Calcutta 4 . . 

,1 II It It II Go.alpnra . • 

„ „ II 11 II Ilararibagh . 

II II It 11 II Leli ... 

i. II II II II Patna ... 

- I, It II it II Simla ... 

„ „ „ „ temperature, All.diabad 

,1 i, II II II Yarl.aud « . 

SInximum .and minimum cpoelis (secular) of temperature and rainfall 
„ „ roeorded pressures, Allahabad 

„ „ „ tcraporaturcs, Allahabad . 

Maximum rainfall : deration of 

„ temperatures : monthly means, Lucknow . 
Meteorological obscrvalions, B.ay of Bengal .... 

„ „ Calcutta 

„ „ nimabya ..... 

„ „ Lower Bengal .... 

„ „ Western Tibet .... 

„ „ Ynrkand and K.asbglmr . 

Meteorological observations in stoms 


JUnima dinrnal (it’e ^laxiraa). ■ 

Minimum temperatures : montlily means, Barciily 
.. II I. Lucknow 

„ I. I. Yarkand 

Minimum epochs (Ste Jfaximum). 

Mohan: rainfall 

Slenghyr : rainfall 

Monsoon currents: thickness .... 
Monthly recorded karometric pressure, .ibllahabad 
„ „ cloud proportion, Allahab.rd . 

„ „ ‘ rainfall, Allahabad 

„ „ relative humidity, .Allahabad . 

„ „ temperature, Allahabad , 
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UFonthlj recorded vaponr tension, Allahabad 
„ means (iSbe Annual \ aviation). 
Slountain winds , 

Murree; honrlj observations 
?IussoQieo: barometric pi essure 
„ rainfall . 

„ relative humiditj 

„ temperature 

„ vaiionr tension 

Nagina: lainfall » 

Kagpiir: annual lange of tcnipeiutuie 
Nami Tal ; baiometric pressure 
„ „ rainfall 

„ „ temperature 

Nojibabad : rainfall . 

Nanabganj : rainfall . 

Neitscbiiisk : annual range of tempcratuie 
Neutral plane of picssure in monsoons 
Ntil ; temperature .... 

Nocturnal radiation, Bareillj 

„ „ Kashghar . 

„ , Luebnow 

„ „ Noitb-Woslern llimal.i 3 ’a 

„ „ ’Western Tibet . 

„ „ Yarkand 

Noithcm India ; droughts and scarcities 
„ ,, lainfall 

Nortb-'Westeln Hiiuiilaya : meteorology 
North-Wester storms .... 
Observations (See Meteorological observations). 
Oscillations of pressuie 
Oscillations of pressuic, Allahabad 
„ „ Bengal . 

„ „ Kashghnr 

u „ Tibetan plateau 

» „ Yarkand 

Panii; rainfall ..... 

„ temperatuie . 

Periodical formula (See Harmonic). 

Peshawar; rainfall 
Pjlibhit; lainfall 
Pithoragaih; rainfall . 

Prob.ability of rain, Allahabad 
>1 „ Benares 

>» 1 , Calcutta 

Pioportion of cloud (See Cloud) 

Psyehioraelric obseiwations m Himalaya 
Puranpiu ; rainfall 
Rain probability, Allahabad 
u St Henares 
IS „ Calcutta 
Rainfall of Abbottabad. 

„ Allahabad 
II Almora 

II Ambala 

I. Ambavi 

ti Bannn 

>1 Baheri 

Benares 
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of Ben pal 
„ Bbogpiir 

„ Bijnor 

Calcutta 
„ Chakra ta 

,, Cliampawat 

.. DaijUiiig 

Dchra 

„ Delhi . - 

„ Deoband , 

„ Dliampur 

„ Dharnusala 

Gangctic plain 
„ Gujramvala , 

„ Hflldwani 

„ Hardwir . 

Himillaj'a 
J abbulpore 
Kalsi 
Kasbphar 
Kashipur 
Kilpuri . 
KuiTachco 
Lahore 
Laudauv . 

Lob. 

Mohan 
Moughyr . 
MuFsoorcc 
Nagina . 

Nnhu Tal 
Najibabad 
Kawabganj 
Northern Itidi 
North-Western Prov 
Pauvi 
Peshawar 
Pilibbit . 
Pitlioragarh 
Puranpiir 
Ranikhct. 
Eawalpindi 
Roorlcee . 

„ Pudarpur 
„ Saharanpvlr 
„ Shahpur . 

„ Sibsagar . 

„ Simla 
„ Southern India 
„ Srinagar . 

„ Thnknrdwara 
„ Yarkand . 

Jlainfall cycles 

„ decrement with elevation 
„ nad snnspots . 

„ „ winds 

Ivainy day=, Allahabad 
,, „ Donarvs . 

Ilange o£ barometric prcisnru A1 
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Eauijc of boroDietric pvcssure, Uiinala^ft • • 
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4 



4 

. 303, 3:fa 

„ „ „ Taiband . 


• 
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. 53, OG 

„ tomperalure, Asiatic stations 
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. 50 

„ „ Himalaya 


# 



* 

« 



• 

. 3S5 

„ Kiirrachce 
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. 271 ‘ 

„ „ Yaikand 
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, 40 

ISotiikliet; barometric pressure .... 
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. 333, 3PG 

cloud proportion .... 
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. 410 

„ laiufall ... ... 
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. 412 

„ relative Immidity .... 
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. 403 

„ teraporatiiic ..... 
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. 3S1 

„ vapour tension ..... 
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. 405 

Rawalpindi: annual i ange of temperature . 
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, 50 

„ laiiifall ...... 
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- 18G, 180, 2U 

Relative Iiumiditj of air, Allababad . 
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. 338 

„ „ E.aieilly 


• 


• 

* 


4 

4 
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, „ „ Himalayan stations 
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. 4tf8, 409 

„ „ Kasbglinr . 
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. 232, 409 

„ „ Western Tibet 
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. 231,232 

Relative biimidity; decrement witb elevation 
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Revei’sal of diutnal oscillation of pressure . 
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. 110 

Roorkeo : annual lango of temperature . 
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. 50 

„ barometric piessiue .... 
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. 393, 396 

„ cloud piopoitiott .... 
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. 410 

„ rainfall ...... 
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. 411 

,, relative buinidity .... 
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. 409 

„ tempovaUvro ..... 
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. 50, 383 

„ vapour tension 
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. 1.90, 105 

Rotation of wind ...... 
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. 0, 8. 28/ 

Route : Dr. Scully’s in Western Tibet 
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. 214 

Rudarpiir: rainfall 
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. 411 

Snbaranpur: rainfall 
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. 411 

Saiiiu: hourly obseivations .... 
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. 221, 225,232 

Scarcities in Noitliera India .... 
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. 197 

Scully, Dr, J. j meteoiological registers 
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. 33, 74, 213, 23 

„ report on meteoiological obseivations 




• 


4 


* 

J 
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Shall pur: lainfall ...... 
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, ISO, 189,211 

Sibsngar: rainfall ...... 
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Simla : barometric pi essnre .... 
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. C>2, 113, 390 

„ rainfall 
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. ISO, 1S9, 212 

Snowfall on Himalaya 
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SnOTv-line of North-Western Hinuilaj n 

Solai radiation fxS’ee Insolation]. 
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. 391 

Southern India : rainfall 










. 183 

Spiti valley: temperature ..... 










, 381 

Srinagar (Kashmir) ; hourly obseivations , 
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. 221, 22.5, 232 

„ (Gaihwal) ; lainfall .... 
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. 412 

„ tcmperatino ..... 
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. 383 

Stoliczlm, Dr. F. : desciiption of loess in Tailtaud 
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. 43 

Storm at Allahabad 










. 131 

Storms in Beug.al 
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. 119 

„ at Calcutta 
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. 120, 141 

Straeiiey, Geu* R, : on iJuunal ratiition o£ wind in Knm 
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. 397 

» « on seasons of Himalaya . 
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. 380 

» » onthe r.ainfall of Tibet . 
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. 415 

” >» on vapour tension, observations 
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Summer rainfall, Allahabad .... 

• 




• 

• 




, 350 

it „ Calcutta , , . . , 
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Jvin: 

Snratner rainfall, KortUcm India 

Sanspols and rainfall 

Tempcralute of air, Allahalail .... 
i> „ Karakor.ani. 

*t .t K.islifjli.ir .... 

n ,1 Luckno^r .... 

„ JIanritiu') .... 

II I. NortlwTVcstoni Ilinialaja . 

II I. Tihcl 

I. I. Tatkand .... 

„ decrement mlli elevation, Nor^ll.We^U‘tn HimShv 
11 >. ■ „ Tib.'t 

„ annual mng;e at Asiatic etationx 

II II NortliAWlem HintSbr; 

„ inontlily range at Kumcltee 

Tlialairdwilra ; rainfall 

Tliennal rvind-roEe, Calcutta .... 

„ • „ Yarkand .... 

Thcrinomcter; hourly readings nt IC.i'hghar 

„ ,1 Tibetan stations 

„ „ Yarkand . 

Tliickncss of monsoon enrrenta .... 

Tibet ; meteorological observations . . . 

Tides, b-iromctric {See Diurnal variation). 

Tiflia ; annual range of temperature . . , 

Trotter, Captain ; b.ironietric observations .at Yarkand 
„ „ elevations in Tibet . 

Yapour tension, Allahabad .... 

„ „ Earellly .... 

„ „ IUm.dlaya .... 

Kasbgh.nr .... 

Leb 

Roorkee .... 

„ I. Tibet 

„ „ Ynrkaud . . • . 

„ eyelical variation 

„ „ decrement svitli clov.atinn . 

„ „ and minds .... 

Yariability of pressure, Altalmbad 

„ K.asligh.ir and Ynrk.inJ 
„ . temperature, Allalialvut. 

Yariation. annual [See Annual). 

„ cyclical (iS'rc Cycles). 

„ diurnal (lycc Diunwl). 

Variations of rainfall in Northern India 
Velocity of mind, Akhi 
„ ,. Iktrcilly . 

,, .. Con.w.s . 

„ Calrntt.! . 

,, .. llim.May.a 

„ Kurracbee 
„ „ Yarkand . 

Western Tibet : meteoroloziral ob=crrations. 

Winds. Allahabad .... 

„ Belgauni 

.. Benares 

„ Botubsy ..... 

Calcutta 

Hnraiibacli .... 
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Winds, Ilitnalaja . - ■ . 

„ ICasligliar 
„ luirracbee 
„ Mauritius 
„ Yarlraiid 

Wind: annual variation (6^^ Annual), 

„ diurnal variation {See Diurnal). 

„ rose, bario, Calcutta , 

„ „ „ Kurracliee 

„ „ liyetic, Allahabad 

„ „ „ Denares 

„ „ „ Calcutta 

„ „ hygrometric, Yarkand 

„ „ thermal, Calcutta 

„ „ „ Yarkand 

Winter ininfall, Allahabad . 

). „ JTorthem India . 

„ „ North-Western Pro vine 

Yarkand, elevation 

„ meteorology and climate 

- » physical geography 

Yearly recorded baromqtric x^rossure, Allahabad 

„ Kashghar 


CCS 
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9i 


Kurracheo 
Yarkand 

cloud proportion, Allahabad 
rainfall, Allahabad 
„ Benares 

„ Calcutta 

„ ICuvrachee 

„ Koiihern India (20 stations) 

relative humidity, Allahabad 
temperature, Allahabad 
vapour tension, Allahabad . 
vriud variations, Benares . 

„ Kurracbee. 
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